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In  mlcrocrystalloscopic  analysis,  the  form  or  color  of  the  crystals  formed 
hy  a  particular  Ion  on  precipitation  from  a  solution  by  a  specific  reagent  Is 
used  as  a  means  of  detecting  the  Ion.  In  some  cases  the  formation  of  a  precl* 
pltate  can  be  taken  as  proof  of  the  presence  of  the  Ion.  Very  few  substances  .. 
possess  an  observable  coloi;  particularly  If  the  crystals  are  small.  It  should 
be  noted  that  linking  a  colored  ion  with  a  .definite  cation  or  a  colored 
cation  with  a  definite  anion  does  not  solve  the  problem,  since  the  given 
colored  anion  or  cation  can  give  colored  compounds  with  other  Ions.  Therefore 
conclusions  as  to  the  presence  or  absence  of  some  pax*tlcular  Ion  can  only  be 
made  on  the  basis  of  the  crystal  form  of  the  precipitate  formed.  Crystal  form 
however  Is  by  no  means  a  certain  criterion;  the  same  compound  can  exist  In 
different  crystal  forms  depending  on  minor  variations  In  the  precipitating 
conditions,  apart  ^om  the  ixDsslblllty  of  co-preclpltatlon  with  other  compounds; 
many  compounds  In  general  give  precipitates  with' such  small  crystals  that  even 
with  strong  magnification  they  appear  amorphous  and  their  detection  by  mlcro- 
crystalloscoplc  analysis  la  rendered  difficult. 

'In  cases  where  the  substance  to  be  analyzed  Is  of  a  complex  composition 
and  includes  several  colored  compounds,  or  when  both  the  Ions  which  compose 
the  compound  are  colored  the  observed  color  Is  not  equal  to  the  sum  of  the 
colors  of  the  components.  In  such  cases  It  Is  necessary  either  to  remove 
the  Interfering  colored  Ion  or  to  convert  It  Into  a  colorless  form  (e.g.  by 
conversion  Into  a  complex  ccxnpound). 

The  new  ultraviolet  microscopy  and  particularly  observation  In  ultraviolet 
light  using  the  method  of  "color  transformation"  developed  by  Broomberg  [l] 
has:  greatly  extended  the  possibilities  and  scope  of  solving  the  above  problems. 

This  method  consists  briefly  In  the  substitution  of  the  ultraviolet  rays 
In  the  Invisible  Image  given  by  the  objective  of  the  ultraviolet  microscope, 
by  visible  rays  of  different  colors.  In  this  way  colored  Images  of  colorless 
objects  are  formed,  the  conditional  colors  of  which  are  determined  not  by  the 
normal  visual  spectnmi  but  by  the  ultraviolet  absorption  spectra  of  the  compound 
under  examination. 

As  a  result  of  the  tinging  of  the  ultraviolet  absorption  by  the  test 
compound  a  characteristic  "ultraviolet"  color  Is  developed.  For  its 
detection  a  composite  beam  of  light  composed  of  red  and  ultraviolet  rays 
is  used.  On  projecting  such  a  beam  of  light  on  to  a  fluorescent  screen, 
the  fluorescence  of  which  is  excited  by  ultraviolet  of  a  definite  wave  length. 


all  the  details  of  the  test  compound,  vhlch  Is  located  In  the  path  of  the 
beam  and  vhlch  absorbs  ultraviolet  rays,  vlll  assume  different  degrees  of 
coloring  according  to  the  extent  ol  absorption  of  the  ultraviolet  rays  by 
the  test  compound. 

In  consequence  of  this  the  observer  sees  a  shaded  spot  surrounded  bv 
the  light  of  the  fluorescent  screen  at  those  places  vhere  the  rays  not 
absorbed  by  the  test  compound  have  fallen.  The  shaded  spot  Itself  on  the 
screen  Is  colored  red  by  the  remaining  rays. 

The  fluorescent  screen  Is  chosen  so  that  It  emits  a  vhlte  fluorescence 
under  the  action  of  ultraviolet  light.  This  enables  one  to  see  the  shadov 
of  the  test  compound  more  clearly. 

The  color  transformation  method  has  tvo  basic  variants. 

1)  A  photographic  one.  In  vhlch  three  photographs  are  taken  In  the  ultra¬ 
violet  for  a  chosen  vave  length  and  colored  three  different  colors  —  red,  green, 
and  blue;  the  superimposed  Images  of  these  photographs  are  simultaneously 
examined  by  means  of  a  special  apparatus  —  the  chromoscope. 

2)  A  visual  one  vhlch  is  based  on  obta’lnlng  colored  Images  on  multi-colored 
fluorescent  screens  by  means  of  ultraviolet  light  as  described  above. 

It  Is  possible  therefore  by  means  of  the  ultraviolet  microscope  to  see 
colored  crystals,  vhlch  absorb  ultraviolet  light,  even  vhen  they  are  completely 
transparent  and  colorless  In  visible  light.  Crystals  vhlch  have  different 
ultraviolet  absorption  spectra  vlll  accordingly  have  a  different  "ultraviolet" 
color  In  the  field  of  vision  of  the  microscope,  by  means  of  vhlch  they  can  be 
identified. 

The  use  of  the  ultraviolet  part  of  the  spectrum  for  observation  can 
essentially  Increase  the  number  of  microchemical  reactions,  since  the  strongest 
absorption  spectral  bands  of  many  chemical  compounds  are  located  in  this  region 
of  the  spectrum.  When  observations  are  made  in  the  ultraviolet  it  is  often 
possible  to  use  the  absorption  of  a  simple  compound  (and  not  the  complicated 
compound  absorption  vhlch  it  is  usually  necessary  to  obtain  during  microchemical 
analysis  in  the  visible  spectmm)  and  the  analyst*  s  problem  reduces  to  a  sepa¬ 
ration  of  Ions  from  solution  vhlch  have  the  same  absorption  (l.e.  with  the 
same  ultraviolet  color)  as  the  test  compound. 

Thus  for  microchemical  determination  in  the  ultraviolet  it  is  not  the 
form  of  the  crystals  but  their  color  which  plays  the  chief  role.  The  color 
can  be  used  even  In  cases  of  "hidden"  crystalline  precipitates. 

In  the  present  article  it  is  not  our  intention  to  replace  mlcrocrystal- 
loscoplc  analysis  In  the  visible  part  of  the  spectra  by  analysis  in  the  ultra¬ 
violet.  On  the  contrary  In  our  view  ultraviolet  reactions  may  be  regarded 
only  as  a  useful  supplement  and  for  replacing  those  reactions  in  the  visible 
spectrum  vhlch  are  inferior  with  regard  to  sensitivity  and  simplicity  of 
detection  in  complex  mixtures  etc.,  l.e., our  intention  is  to  pursue  the  aim 
of  constructing  a  relatively  simple  system  of  mlcrochemlcal  analysis,  based 
on  a  combination  of  the  usual  reactions  observed  in  visible  light  and  in  the 
ultraviolet,  and  certain  luminescence  reactions  based  on  the  observation  of 
the  luminescence  of  reaction  products. 

All  three  types  of  reaction  are  easily  reproduced  by  means  of  the  same 
universal  apparatus  -  the  ultraviolet  microscope  [2], 

Apart  from  the  two  variants  of  the  color  tran?  format  Ion  method  described 
above  It  is  possible  to  use  a  8j)ectral  method  for  the  determination  of  the 
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nature  of  microcrystals  by  photographing  their  absorption  spectra.  By  using 
a  specially  contructed  spectral  fitting  for  the  ultraviolet  microscope  it  Is 
possible  to  get  a  microphotograph  of  the  test  compound  together  with  the  image 
of  the  spectrograph  aperture  and  the  spectrum  lines  on  one  photographic  plate. 
Examples  of  such  photographs  are  given  in  Flg.S).(  «  ^The  mercury  •  spectrimL  t 
is  Included  as  a  wave  length  scale.  In  this  vay  it  is  possible  to  estimate 
the  admission  boundary  of  the  crystals  under  test. 

The  spectrograms  of  crystals  of  IbClg  and  IbBr2  shovn  on  Fig.l  shov,  that 
crystals  of  these  salts  can  be  confidently  distinguished  from  one  another  by 
their  absorption  spectra.  If  however  substances  are  present  in  solution 
which  have  similar  absorption  spectra  to  those  of  the  test  material.  It  Is 
necessary  to  perform  a  preliminary  se];>aratlon  in  order  to  avoid  erroneous 
conci.uslons.  The  permitted  amount  of  contaminant  depends  on  the  ratio  of 
the  ultraviolet  absorption  coefficients  of  the  test  sample  and  the  contami¬ 
nants. 

Of  the  methods  considered  above,  the  most  suitable  one  for  carrying  out 
large  numbers  of  microchemical  analyses  is  the  visual  method. 

A  IRK  mercury  lamp  was  used  as  the  light  source.  An  UFS-1  light  filter 
which  only  transmits  infra  red  and  ultraviolet  with  wave  length  from  UOO- 
250  mji.  was  fitted  on  the  microscope.  The  fluorescent  screen  had  two  layers, 
one  of  which  was  excited  only  by  rays  of  wave  length  5^5  nip-  and  has  a  blue 
colored  fluorescence,  while  the.  r  was  excited  by  rays  of  wave  length 
313  m\*.  and  fluoresced  with  a  gr^c-  color.  As  a  result  of  mixing  the  direct 
red  rays  of  the  light  source  with  green  and  blue  from  the  screen,  the  micro¬ 
scope  field  was  of  a  white  color.  Crystals  which  absorb  the  ultraviolet  at 
X  »  365  np.  when  placed  in  the  field  of  vision  were  colored  a  purple-red 
color,  while  those  absorbing  X  »  313  had  a  purple  color  and  those  ab¬ 
sorbing  at  Xa»  254  mp.  were  red.  'Thus  the  j^oblem  reduces  to  a  selection  of 
chemical  reactions  in  which  the  reaction  products  absorb  light  of  sose 
definite  wave  length,  l.e.  to  obtain  for  a  particular  reagent  In’ a  given 
mixture  of  substances,  a  characteristic  ultraviolet  "color"  only  for  the 
chemical  compound  which  it  is  necessary  to  determine.*  Consequently  tte  ab¬ 
sorption  coefficients  of  the  reaction  products  for  the  substances  sou^t  should 
be  high  In  the  wave  length  region  of  3^  and  313  nip.  • 

In  spite  of  its  simplicity  and  color  sensitivity  the  visual  method  has  one 
drawback,  viz.,  it  is  impossible  to  distinguish  by  this  method  substances  with 
close  absorption  limits.  In  such  cases  it  is  better  to  use  the  spectrographlc 
method  and  the  method  of  color  photography,  which  permit  a  wide  variation  If 
necessary  in  the  photographic  conditions.  These  methods  can  be  used  when  a 
more  detailed  study  of  the  absorption  spectra  of  microscopically  small  amounts 
of  material  is  necessary. 

Reactions  for  the  detection  of  several  cations  either  on  their  own  or  in  the 
presence  of  each  other  which  can  be  carried  out  using  the  visual  method  are 
considered  below. 

Identification  of  Alkali  Metals.  In  order  to  identify  the  alkali  metals 
we  finally  decided  after  a  preliminary  examination  of  many  compounds  to  use 
ammonium  hexachloroplatinate,  ammonium  cobalt in it rite,  and  potassium 
trlthlosulphatobl smut hate  as  possessing  the  highest  absorption  coefficients  In 
the  region  X  ■  365  mp. . 

Reaction  for  Ammonium.  For  the  detection  of  ammonium  the  characteristic 
absorption  of  the  hexachloroplatinate  and  cobalt initrite  in  the  region  X«  3^5 
was  used. 


See  Plate,  page  291 
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In  view  of  the  fact  that  the  corresponding  compounds  of  sodium  and  potas¬ 
sium  also  exhibit  strong  absorption  in  this  region  of  the  ultraviolet,  the 
determination  of  ammonia  was  carried  out  in  a  gas  microcell. 

a)  As  ■ Hexachloroplatlnate.  A  drop  of  test  solution  (NH4CI)  was  mixed  in 

a  gas  cell  with  a  drop  of  20^  NaOfl.  The  top  of  the  cell  was  closed  with  a  quarts 
plate, on  the  Inside  face  of  which  a  drop  of  chloroplatlnlc  acid  was  placed.  The. 
cell  was  gently  heated  on  a  mlcroburner.  Crystals  of  ammonium  hexachloroplatl¬ 
nate  appear  instantly  on  the  drop  of  chloroplatlnlc  acid.  These  crystals  on 
examination  under  the  mlcroscoj^e  are  colored  an  intense  red  color  because  of  the 
strong  absorption  in  the  ultraviolet. 

This  reaction  is  used  In  microcrystalloscoplc  analysis  in  the  visible  spec¬ 
trum  [3]  with  a  fairly  high  sensitivity,  but  the  presence  of  strong  absorption 
in  the  ultraviolet  enables  the  sensitivity  to  be  Increased  considerably,  as  can 
be  seen  from  a  comparison  of  the  results  which  we  obtained  for  this  reaction  and 
those  given  In  the  literature  for  the  same  reaction  in  the  visible  spectrum. 

Visible  Spectrum  Ultraviolet  Spectrum 

Limit  of  Limiting  Limit  of  Limiting 

Identification  Concentration  Identification  Concentration 

0.1  Jig  1:10000  0.042  jLg  1:24000 

The  presence  of  other  cations  in  the  solution  containing  ammonia  does  not 
hinder  the  detection  of  ammonia  by  the  reaction  when  carried  out  aa  described  • 
above. 

b)  As  the  Cobalt inltrite.  The  determination  of  ammonia  by  reacting  it 
with  sodium  cobaltlnitrlte  Na3[Co(N02)a]  is  carried  out  as  with  chloroplatlnlc 
acid.  By  this  reaction  0.34  jig  of  ammonia  can  be  detected  at  a  limiting  con¬ 
centration  of  1:3000.  The  presence  .of  other  ions  in  .solution  does  not  interfere. 

Reactions  for  Fotassium.  On  studying  the  character  of  the  absorption  by 
Comjounds  of  different  cations  with  Kamo*  s  reagent  RaatBl (0203)3]^  ve  found 
that  only  potassium  compounds  absorb  the  ultraviolet  at  /t  a  363  mjju ,  The  other 
compounds  absorb  at  31^  mpu  a'.id  less.  This  enables  potassium  to  be  determined 
in  the  presence  of  other  elements  by  means  of  Kamo*  s  reagent  on  a  long  wave 
screen,  excited  by  light  of  X*  365'*580  m>i. . 

The  Reaction  was  Camlei  Out  as  Follows.  A  drop  of  the  test  solution  con¬ 
taining  potassium  was  evaporated  on  r  quartz  microscope  slide  to  dryness  and  a 
drop  of  the  Kamo  reagent  added  to  the  residue.  The  appearance  of  needles 
colored  red  under  the  microscope,  indicates  the  presence  of  potassium  In  the 
solution.  This  reaction  which  Is  also  used  for  microcrystalloscoplc  analysis 
in  visible  light  is  made  considerably  more  sensitive  in  the  ultraviolet:  the 
limit  of  identification  becomes  O.7  jig  Instead  of  2  }i.g  and  the  limiting  con¬ 
centration  can  be  decreased  to  1:1300. 

In  spite  of  the  fact  that  ammonium  salts  themselves  do  not  give  a  preci¬ 
pitate  with  Kamo*  s  reagent  and  also  do  not  absorb  near  the  visible  region, 
they  appreciably  decrease  the  sensitivity  of  this  reaction. 

Reactions  for  Sodium.  The  detection  of  sodium  Is  carried  out  by  a  fluo¬ 
rescence  method.  As  the  result  of  the  reaction  between  zinc  uranyl  acetate 
and  sodium  salts  the  yellow  fluorescence  becomes  fixed  In  the  precipitate  of 
the  octahedra  of  sodium  zinc  urauyl -acetate.  The  reagent  solution  itself  does 
not  fluoresce  since  chlorine  ions  and  other  ions  have  a  quenching  effect. 


In  order  to  carry  out  the  reaction  la  the  ultraviolet  microscope  fluo¬ 
rescent  screens  are  used  In  conjunction  vlth  a  UFS-2  light  filter  which  trans¬ 
mits  ll^t  of  wave  length  X*  313  my> , 

Procedure.  A  drop  of  test  solution  Is  placed  on  a  quartz  microscope  slide 
sldi}  by  side  with  a  drop  of  zinc  uranyl-acetate  solution.  After  the  two  drops 
mix,  the  octahedra  of  sodium  zinc  uranyl-acetate  separate  out  with  a  bright  yellow- 
green  color.  This  reaction  Is  very  sensitive.  The  limit  of  Identification  Is 
0.03  p.g  of  Na  and  the  limiting  concentration  1:330000.  Bstasslum  and  ammonium  r 
salts  do  not  Interfere. 

R-^»actlons  for  Iron.  The  reactions  listed  below  are  characteristic  for 
ultnivlolet  mlcrochemlstry,  since  the  detection  of  the  element  la  carried  out 
both  In  amorphous  precipitates  and  In  solutions  by  the  formation  of  compounds 
which  absorb  the  ultraviolet. 

a)  Detection  of  Iron  In  the  Presence  cf  Bivalent  Tin.  In  the  long  wave  length 
region  of  the  ultraviolet  only  three  hydrates  exhibit  selective  absorption  [l.e. 

of  th^se  studied  by  us (which  Included  compounds  of  all  the  cations  which  are  In¬ 
cluded  In  the  general  scheme  of  systematic  qualitative  analysis,  with  the  exception 
of  the  rare  elements)].  These  are  ferrous  hydroxide,  ferric  hydroxide  and  stannous 
hydroxide.’  Ferrous  hydroxide  under  these  conditions  Is  quickly  oxidized  by  aerial 
oxygen.  Thus  there  are  two  cations  which  mutually  Interfere  during. any.  attempt  to 
detect  one  of  them  In  the  presence  of  the  other  In  any  given  mixture.  This  may  be 
overcome  by  using  the  property  of  stannous  hydroxide  of  forming  stannltes  with 
excess  alkali;  this  is  completely  transparent  to  the  ultraviolet  while  the  ferric 
hydroxide  absorbs  ultraviolet  Intensely,  so  that  It  can  be  easily  detected  by  the 
bright  red  color  of  the  precipitate. 

Prccedure.  A  drop  of  the  test  solution  Is  placed  on  a  quartz  microscope  slide 
and  2-3  drops  of  20^  KaOH  added.  As  a  result  only  the  ferric  hydroxide  remains  as 
a  precipitate,  while  the  stannous  hydroxide  goes  Into  solution  as  atannlte.  The 
precipitate  Is  colored  red  under  the  microscope. 

The  limit  of  Identification  Is  0.04  p.g  of  Iron  at  a  limiting  concentration 
of  1:25000,  which  exceeds  the  best  mlcrogrystalloscoplc  reaction  In  the  visible 
spectrum,  viz.  the  formation  of  Prussian  blue  In  which  the  limit  of  Identification 
Is  0.07  )^g  of  Fe  at  a  limiting  concentration  of  l:l4000  under. the  sajse  conditions.- 

The  limiting  ratio  of  Iron  to  tic  at  which  this  reaction  Is  still  possible 
for  0.04  ;jLg  Iron  Is  1:125000. 

b)  Detection  of  Trlvalent  Iron  In  the  Form  of  FcAsOa.  Of  the  arsenates,  only 
ferric  arsenate  exhibits  selective  absorption  In  the  long  wave  length  i>art  of  the  • 
ultra  violet.  This  enables  ferric  Iron  to  be  detected  In  the  presence  of  other 
cations,  and  also  In  the  presence  of  bivalent  Iron  without  a  preliminary  separa¬ 
tion. 

Procedure.  A  drop  of  the  test  solution  Is  placed  on  a  quartz  microscope 
slide  and  a  drop  of  potassium  arsenate  solution  (0.5  N)  placed  side  by  side  vlth 
It.  When  the  two  drops  are  mixed  an  amorphous  precipitate  Is  formed  which  con¬ 
tains  all  the  cations  with  the  exception  of  those  of  potassium,  sodium  and  am¬ 
monium.  If  trlvalent  Iron  Is  present  the  precipitate  Is  colored  red  under  the 
microscope  while  If  ferric  Iron  Is  absent  the  precipitate  Is  grey. 

The  limit  of  Identification  Is  0.02  p.g  of  Iron  at  a  limiting  concentration 
of  1:70000.  .  If  the  drop  of  test  solution  Is  preliminarily  dried  the  sensitivity 
of  this  reaction  Increases  considerably;  It  Is  possible  to  detect  O.OO5  pLg  of 
iron  at  a  limiting  concentration  of  1:300000.  This  reaction  is  possible  for  the 
following  ratios  of  other  cations. 
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c)  Detection  of  Iron  by  Means  of  Ammonium  Acetate.  Acetates  vlth  the  ex¬ 
ception  of  ferric  and  ferrous  acetates  and  silver  acetate  do  not  absorb  In* the 
ultraviolet.  Absorption  by  acetates  Is  displaced  Into  the  Schumann  region. 
Silver  acetate  shovs  maximum  absorption  in  the  vavc  length  range  of  313-254  mp.. 
Moreover  this  compound  decomposes  rapidly  under  the  Influence  of  the  ultraviolet 
to  form  metallic  silver,  which  does  not  absorb  In  the  ultraviolet.  Thus  It  la 
possible  to  detect  Iron  In  the  presence  of  all  the  remaining  cations. 

Procedure.  A  drop  of  saturated  ammonium  acetate  Is  added  to  a  drop  of  test 
solution.  If  Iron  Is  present  the  solution  and  precipitate  of  the  basic  acetate 
salts  are  colored  red  under  the  microscope.  When  no  Iron  Is  present  solution 
and  precipitate  are  transparent  to  the  ultraviolet.  The  reaction  Is  fairly  sen¬ 
sitive  and  enables  0.04  ytg  of  Iron  to  be  detected  at  a  limiting  concentration 
of  1:24000.  The  limiting  ratios  of  Iron  to  other  cations  for  which  the  reaction 
can  be  carried  out  without  a  preliminary  separation  are  as  follows. 

Fe;Mg**  «  1:120  for  0.47  pg  Fe  Fe:Mn**  3  l:ll8  for  0.47  pg  Fe 

Fe:Ba2'»-  =  1:750  •*  0.47  pg  Fe  Fe:Cr®*  «  1:93  '*  0.47  pg  Fe 

Fe:Nl**  3  1;125  '*  0.47  pg  Fe  Fe:Al**  3  1:50  "  0.47  pg  Fe 

Fe:Co**  3  1:126  ■  0.47  pg  Fe  Fe:Zn**  *  1:13  "  0.47  pg  Fe 


d)  Detection  of  Iron  as  FeCl.<^.  From  the  absorption  c\irve  of  FeCla  (Fig. 2) 

It  Is  clear  that  this  compound  Is  very  suitable  for  the  direct  Identification 
of  Iron.  No  other  chloride  exhibits  such  sharp  absorption  In  the  uei£^orhood 
of  the  visible  spectrum.  This  characteristic  absorption  was  used  by  us  for  the 
Identification  of  iron  In  test  solutions. 

Procedure.  A  drop  of  test  solution  Is  mixed  with  a  drop  of  HCl.  When  Iron 
Is  present  the  drop  Is  colored  a  bright  red  under  the  microscope.  Nor  a  single 
cation  Interferes  with  this  reaction  and  Its  sensitivity  Is  exceptionally  high. 

It  Is  possible  to  detect  O.OO6  p.g  of  Iron  at  a  limiting  concentration  of  1:500000. 
Bismuth  depresses  the  sensitivity  as  con  be  seen  from  the  limiting  ratios  of  Iron' 
to  the  other  cations; 

Fe:Hg*+  3  i:53l  for  4.7  pg  Fe  Fe:Ni**  «  1:62  for  4.7  pg  Fe 

FezBl®*  -  1:1  «*  4.7  pg  Fe  Fe.'Cr^***  -  1:37  **  4.7  pg  Fe 

Fe:Co**  3  1:95  ««  4.7  pg  Fe  • 

Reactions  for  Cadmium  In  the  Presence  of  Zinc.  The  majority  of  mlcrocry- 

stalloscoplc  reactions  for  cadmium  In  the  visible  part  of  the  spectrum  are  unsuc¬ 
cessful  when  zinc  Is  present,  since  zinc  salts  are  formed  as  well  as  the  char¬ 
acteristic  cadmium  precipitates,  and  they  Interfere  vlth  the  color  and  form  of 
the  crystals  of  the  cadmium  salt,  as  a  result  of  which  the  latter  cease  to  be  . 
characteristic. 

This  drawback  can  be  removed  by  using  ultraviolet  ll^t. 

a)  Detection  of  Cadmium  as  Cadmium  Sulfide.  In  contrast  to  zinc  sulfide, 
cadmium  sulfide  strongly  absorbs  In  the  near  ultraviolet.  This  enables  cadmium 
to  be  detected  without  removal  of  zinc. 

Procedure.  A  drop  of  sodium  sulfide  solution  Is  added  to  a  drop  of  the  test 
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solution  and  the  tvo  mixed  vith  a  glass  rod.  If  cadmium  is  present  the  large  red 
crystals  of  cadmium  sulfide  can  he  seen  under  the  microscope.  0.02  ^g  of  cad* 
mium  can  he  detected  at  a  limiting  concentration  of  1:44000  in  the  presence  of 
zinc.  The  limiting  ratio  of  cadmium  to  zinc  is: 

Cd^'*':Zn^^  -  1:20  for  1.6?  y-S  Cd*^ 

b)  Detection  of  Cadmium  as  Phosphate.  Zinc  phosphate  does  not  absorb  in  the 
ultraviolet  so  that  cadmium  can  he  detected  in  the  presence  of  zinc. 


Fig.  ?.  Absorption  curve  for  FeCla 


Fig.  3.  Crystals  of  Cd-nitroprussida 


Procedure.  A  drop  of  Na2HP04  solution  is  added  to  a  drop  of  test  solution 
and  the  precipitate  formed  examined  under  the  microscope.  .If  cadmium  is  present 
the  precipitate  is  colored  red. 

By  this  method  it  is  possible  to  detect  0.l8  p.g  Cd^”**  at  a  limiting  concern* 
tration  of  1:6000  and  a  ratio  of  Cd^'*‘:Zn^'*‘  **  1:40  for  1.68  jxg  of  cadmium. 

c)  Detection  of  Cadmium  as  the  Nitropxnisside.  This  reaction  is  the  most 
sensitive  of  all  the  reactions  for  cadmium  in  the  presence  of  zinc.  It  is  based 
on  the  formation  of  characteristic  crystals  vhlch  absorb  the  ultraviolet  at 

X.  365-313  (Jlg.3).  •  .  •  • 

Zinc  in  contrast  to  cadmium  does  not  give  a  precipitate  with  sodium  nltro* 
prusslde,  and  the  solution  does  aot  absorb  the  ultraviolet  at  the  given  region 
of  the  spectrum. 

Procedure.  A  drop  of  test  solution  is  evaporated  practically  to  dryness 
and  a  drop  of  a  1^  solution  of  sodium  nltroprusside  added.  The  characteristic 
crystals  vhlch  are  formed  are  colored  red  when  examined  under  the  microscope. 

The  limit  of  identification  is  0.01  (xg  of  cadmium  at  a  limiting  concen* 
tration  of  1:100000  and  a  limiting  ratio  of  Cd2'*‘:Zn^'*‘  1:19  for  5.6  p.g  of  Cd*”** 

In  conclusion  I  wish  to  express  my  thanks  to  Doctor  E.  M.  Broomberg  and 
Yu.  V.  Morachevsky  for  valuable  advice  and  dally  help  in  carrying  out  the  work. 

SUMMARY 

1.  A  microchemical  method  of  analysis^  based  on  the  application  of  the 
ultraviolet  microscope  is  described  together  with  several  examples. 

2.  The  advantages  of  ultraviolet  microscopy  over  ordinary  microscopy  are 
demonstrated  by  means  of  a  number  of  examples. 

5*  Qualitative  microchemical'  reactions  are  described  for  ammonium,  pot* 
assium,  iron  and  cadmium. 

4.  A  quantitative  luminescence  reaction  for  sodium  is  described. 
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USB  OF  THE  LIQUID  INTERFEROMETER  IN  QUANTITATiyE  ANALYSIS 
III.  THE  STUDY  OF  lilLUTE  SOLUTIONS  OF  HYDROLYZABLE  SAIffS 

I.  L.  KuHhtevlch  and  A.  M.  Zanko^) 

Dnepropetrovsk  Fharmaceutlcal  Institute 

;  .  i 

In  previous  articles  [1,2]  ve  have  described  the  use 'of  the  Interferometer 
method  for  the  determination  of  the  concentrations  of  dilute  aqueous  solutions 
of  strong  and  vehk  electrolytes  using  hydrochloric  acid,  caustic  soda,  oxalic, 
and  acetic  acids  as  examples.  It  vas  established  In  the  course  of  this  vork 
that  In  the  case  of  solutions  of  strong  electrolytes  within  the  concentration 
range  employed,  the  so  called  phenomena  of  ’breaks'*  can  be  observed  and  the 
curves  relating  the  number  of  Interference  bands  to  the  concentration  for  such 
solutions  possess  a  stepwise  character.  Solutions  of  weak  electrolytes  do  not 
exhibit  the  phenomena  of  "breaks",  and  the  Interference  bands-concentration 
curves  are  straight  lines,  with  some  deviation  from  linearity  for  solutions  of 
oxalic  acid. 

The  aim  of  the  present  work  Is  the  study  of  the  possibility  of  applying  the 
Interferometric  method  to  the  determination  and  control  of  the  concentration  of 
dilute  aqueous  solutions  of  hydrolyzable  salts. 

It  could  be  assumed  beforehand  that  Interferometric  measurements  of  these 
solutions  would  present  certain  difficulties  which  could  only  be  solved  experi¬ 
mentally.  In  addition,  during  Investigations  of  sodium  carbonate,  and  sodium 
bicarbonate  solutions  It  wds  of  Interest  to  us  to  Investigate  the  effect  of 
hydrolysis  on  the  linear  relation  between  the  number  of  interference  bands  and 
thd  concentration.  The  selection  of  these  factors  for  Investigation. was  deter¬ 
mined  by  their  significance  in  analytical  practice  and  by  the  existing  imperfect 
volumetric,  methods  of  determining  the  concentration  of  such  solutions. 

Study  of  Dilute  Solutions  of  Sodium  Carbonate.  25  solutions  with  concentra- 
tlons  ranging  from  0.0025-0.16  N  were  prepared  for  Interferometric  measurements. 
Solutions  of  0.001-0,1  N  were  prepared  by  dilution  to  standard  volumes  of  an 
exactly  0.1  N  solution  of  NagCOa,  and  solutions  greater  than  0.1  N  frcxa  a  0.2  H 
standard,  prepared  from  chemically  pure,  dry  NagCOa  heated  to  a  constant  weight 
at  280-500*.  The  concentration  of  the  Na^COa  solutions  were  checked  by  poten- 
tlometrlc  titration  with  HCl,  the  normality  of  which, 0.0U8l2, was  determined  gra- 
vlmetrlcally  using  AgNOa  for  precipitating  the  Cl  Ions. 

Na2C0a  was  titrated  at  9^-97*  using  a  hydrogen  electrode.  The  hydrogen  was 
purified  by  passing  It  throu^  washers  of  Ag2S04,  alkaline  and  acid  KMn04  solu- 
.tlons. 

It  should  be  noted  that  although  the  potent lome trie  method  of  determining 
the  equivalence  point  of  NagCOa  Is  more  accurate  and  objective  than  the  ordinary 
volumetric  methods,  nevertheless  potentlometrlc  titration  Is  not  free  from  errora 
The  liquid  used  for  comparison  was  twice -distilled  water  from  which  the  solutions 
used  were  prepared. 

Deceased.  .  -  . 
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The  Na2C03  solutions  vere  measured  in  a  cell  19*91  na  long  at  1^40. 3*  • 
The  solutions  vere  illuminated  with  white  light,  and  the  readings  expressed 
on  a  drum  scale  In  numbers  of  Interference  bands  in  a  monochromatic  green  Eg 
light. 

The  other  details  of  the  method  employed  will  not  be  dealt  with  further 
since  they  vere  described  In  detail  in  previous  articles  (3/4]» 

TABIZ  1 


Results  of  Heasurements  on  Ra2C03  Solutions  Expressed  In  Terms  of  H,  Zin  and 
An/c.  Green  Eg  light,  X.*  5^6,07  mj*.  at  15* 


c (normality) 

R' 

(Observed) 

s 

R 

(true) 

An *10® 

C 

0.002492 

2.30 

0 

2.30 

31*5 

0.01266 

0.010040 

9*24 

0 

9*24 

126.7 

0.01262 

0.015037 

15.78 

0 

15.78 

189.0 

0.01257 

0.020190 

19*46 

1 

18.46 

266.9 

0.01254 

0.0396^ 

57.6V 

1 

36.64 

502.5 

0.01261 

0.044930 

43.24 

2 

41.24 

565.5 

0.01258 

O.CSO^ 

75.57 

2 

75.57 

1009.0 

0.01256 

O.C85490 

81.19 

3 

78.19 

1072.3 

0.01254 

0.10000 

94.45 

3 

91.V5 

1254.1 

0.01254 

0.14634 

155.81 

3 

132.81 

1821.0 

0.01245 

0.16170 

1V9.79 

3 

146.79 

2013.0 

0.01245 

Average  • 

.  0.01256 

Results  are  given  in  the  abbreviated  Table  1,  from  which  a  curve  relating 
the  number  of  Interference  bands  to  concentration  can  be  derived  (Flg.l). 

In  the  table  c  Is  the  concentration! 

H*—  the  observed  number  of  bands;  *  —  the 
number  of  bands  corresponding  to  the  number 
of  breaks;  H  —  the  true  number  of  bands  with 
corrections  for  breaks;  An  —  the  difference 
between  the  refractive  indices;  and  An/c  the 
ratio  of  an  to  the  concentration. 

Analysis  of  the  results  from  the  table 
and  graph  show  that  for  the  Na2C03  concen¬ 
trations  employed  there  are  only  three  breaks; 
the  first  between  the  15*77  19*^  bands 

(for  an  additional  solution  which  was  measured 
with  c  a  0.01759  H  corresponding  to  the  15*7 
Fig,  1.  Curve  showing  the  re-  band,  no  break  was  established);  the  second 

lation  between  number  of  bands  between  the  57 *6^  &nd  U5.24  band  and  the  third 

and  concentration  for  Na2C03  after  7^  bands. 

solutions.  During  preliminary  measurements  the  pres¬ 

ence  of  a  fourth  break  at  a  concentration  of 
0.1146  R  corresponding  to  the  101.48  band  was 
postulated.  However  the  presence  of  this  fourth  band  could  not  be  demonstrated 
by  confirmatory  experiments. 

A  comparison  of  the  results  for  Ra2C03  solutions  with  similar  measurements 
on  RaOH  solutions  (see  the  abbreviated  Table  2,  taken  from  previous  articles  (l)) 
shows  that  while  In  the  case  of  RaOH  for  a  similar  concentration  range  the  presence 


of  eight  breaks  vas  established,  with  a  nev  cycle  starting  after  15  bands,  this 
periodicity  vas  not  observed  from  Na2C03  solutions,  for  vhlch  the  first  break 
only  appeared  after  the  15*77  band,  the  second  after  the  57*^  band  and  the  third 
after  7^  bands. 

It  may  be  postulated  that  this  anomaly  in  the  number  of  bands  and  the  absence 
of  any  periodicity  in  the  case  of  Nq2C03  solutions  is'-a  direct  result  of  hydrolysis. 

TABUS  2 


Pesults  for  Measurements  on  NaOH  Solutions  Expressed  in  Terms  of  N,  An,  An/e» 
Green  Hg  light  ^^6,0J  mfL  at  20*. 


c  (molarity) 

iiiiiiiEiiiiii^ 

0.001010 

0.05 

0 

0.85 

11.6 

0.01150 

0.010350 

8.65 

0 

8.65 

118.6 

0.01148 

0.020376 

18.08 

1 

17.08 

23i*.3 

0.01149 

0.039^1 

35. U8 

2 

33.1*8 

i*59.a 

O.OU49  . 

0.060306 

53.1*3 

3 

50.1*3 

691.5 

0.01147 

0.071213 

63.60 

4 

59.60 

817.3 

0.01147 

0.10033 

88.67 

5 

83.67 

1147.4 

0.01143 

0.11974 

105.72 

6 

99.72 

1367.5 

0.01142 

0.13970 

123.22 

7 

116.22 

1597.5 

0.01143 

0.160^ 

14i.52 

8 

153.52 

1831.0 

0.0U42 

The  value  of  ^n  is  known  to  be  additive  and  is  dependent  both  on  the  number 
as  veil  as  on  the  nature  of  the  particles  in  solution.  The  accumulation  in 
Na2C03  solutions  of  HCO3  and  OH*  ions  together  with  Na"*"  and  C<^*,  Increase  the 
light  refracting  capacity  of  its  solutions  as  compared  with  NaOH  solutions.  It 
is  characteristic  that  for  very  dilute  Na2C03  solutions  in  which  the  extent  of 
hydrolysis  is  most  significant,  the  period  for  the  first  break  is  roughly  the 
same  as  for  NaOH  solutions  of  the  same  concentration. 

An  increase  in  the  concentration  of  the  Na2C03  solutions  which  is  followed 
by  a  decrease  in  the  degree  of  hydrolysis  leads  to  a  significant  increase  in  the 
value  of  N  and  An  as  compared  with  the  corresponding  values  for  similar  concern* 
trations  of  NaOH.  This  is  also,  confirmed  by  comparing  the  values  of  An/c  which 
on  an  average  is  equal  to  O.OI256  for  Na2C03  solutions  and  0.01146  for  NaOH 
solutions. 

This  anomalous  behavior  of  dilute  solutions  of  Na2C03  in  relation  to  hydro* 
lytic  effects  vas  also  established  by  Geffcken  [5]  who  studied  the  concentration 
relationship  between  the  apparent  molecular  volumes  and  apparent  molecular  re* 
fractions  in  dilute  solutions. 

In  spite  of  this  anomalous  behavior  of  dilute  solutions  of  Na2C03  the 
experimentally  determined  curve  relating  the  number  of  Interference  bands  to 
concentration,  as  shown  by  confirmatory  experiments,  can  be  used  successfully 
for  the  interferometric  determination  of  unknown  concentrations  of  Na2C03 
solutions. 

The  Study  of  Dilute  Solutions  of  Sodium  Bicarbonate.  Interferometric  mea* 
surements  were  made  on  21  solutions  of  NaHC03  in  the  concentration  interval 
0. 00^-0. 1^0  N.  The  solutions  of  the  concentrations  indicated  were  prepared  by. 
dissolving  the  corresponding  amount  of  solid  NAHCOa  in  twice  distille^carbon 
dioxide -free  water.  The  solid  salt  vas  prelialnarlly  checked  for  ^urtty  and 
content  of  NaHCOs. 
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A  final  check  on  the  concentration  of  the  solutions  prepared  vas  carried  out 
gravlaetrlcally,  taking  Into  account  necessary  corrections  for  weighing  In  air 
and  the  specific  gravity  of  water,  the  concentration  being  expressed  In  molarities  • 
(number  of  moles  in  1  kilogram  of  solvent). 


As  In  the  previous  Instance  measurements  of  NaHCOa  were  carried  out  in  a  cell 
19.91  mm  long  at  20^.1*  with  subsequent  conversion  of  the  results  of  measurements 
made  la  white  light” Into  numbers  of  Interference  bands  In  green  Hg  llf^t. 


Results  of  these  measurements  are  given 
In  Table  3  in  an  abbreviated  form,  from  which 
an  interferometric  ciunre  relating  the  number 
of  Interference  bands  to  concentration  can  be 
constructed. 

Analysis  of  the  tabulated  results  show 
that  for  NaECOa  solutions  within  the  range  of 
concentrations  employed  only  two  breaks  could 
be  established;  the  first  at  a  concentration 
greater  than  0.02^  mol/l  between  the  21.22 
and  26.7  bands  and  the  'second  at  a  concentra¬ 
tion  greater  than  0.06d  mol/^i.e.  between 
the  ^9*71  and  62.06  bands. 


Fig.  2.  Curve  relating  number 
of  bands  to  concentration  for 
NaECOa  solutions. 


The  anomaly  In  the  number  of  breaks  and 
the  absenca  of  periodicity  In  the  breaks 
which  was  found  for  NaECOa  as  well  as  for 

solutions,  examined  previously,  is 
>ablylthO  ¥Mult  of  hydrolysis. 

TABDB  5 

Results  of  Measufements  of  R^COa  Solutions  E^qpressed  in  Terms  of  N,  An  and  AnyS 
Green  Eg  light,  X.*  5V6.O7  mi^  at  15*  C. 


c  (molarity) 

s 

An*  10** 

c 

().00U596 

3.99 

0 

3.9a 

5H.6 

O.OU87 

0.010182 

8.80^" 

8.80 

120.6 

o.oua5 

O.O2U655 • 

21.22 

0  * 

21.22 

291.0 

0.01180 

0.029862 

26.70 

1  ■ 

25.70 

0.0U80 

0.068565 

59.71 

1 

58.71 

805.1 

0.0117V 

0.070132 

62.05 

2 

60.05 

825.5 

0.0U7V 

0.12079 

105.57 

2 

103.57 

1417.5 

0.0117V 

0.14758 

128.85 

2 

126.25 

1731.2 

0.0U73 

Average  . 

.  0.01178 

In  spite  of  this  anomaly,  the  difference  In  light  refraction  expressed  as 
interference  bands  N  and  An  with  increasing  concentration  Increase  for  NaECOa 
solution  In  approximately  the  same  seqxience  as  for  similar  concentrations  of 
RaOE  solutions.’ 

A  comparison  of  the  values  of  N  and  An  for  approximately  equal  concen¬ 
trations  of  NaECOa  and  NaaCOa  shows  a  significant  Increase  In  their  values  for 
Ra2C0a  solutions.  It  Is  characteristic  that  the  average  value  of  An/c*  for 
Na2C0a  solutions  Is  considerably  higher  than  that  for  NaECOa  solutions. 

In  our  opinion  the  results  adduced  above  agree,  and  confirm  the  difference 


232 


In  the  hydrolytic  effect  for  equal  concentrations  of  Na2C03  and  NaHCOj.  Just  at 
the  hydrolytic  effect  should  not  Interfere  with  the  possibility  of  using  the 
Interferometric  method  for  the  determination  of  Ha2C03  concentrations.  It  should 
not  Interfere  with  the  Interferometric  determinations  of  NaHC03  conCentx*atlon8, 

SUMMART 

1.  Interferometric  measurements  have  been  made  on  dilute  aqueous  Na2C03  and 
NaHCOa  solutions. 

2.  From  the  results  the  values  of  An  and  An/c  for  the  same'  solutions  for 
Hg  light  of  X  ■  ^46.07  mp.  have  been  calculated. 

3.  Significant  deviations  In  the  appearances  of  breaks  In  the  Interfero* 
metric  curves  of  N  against  ^  was  observed  for  Na2C03  and  NaHC03  solutions  as 
compared  with  NaOH  solutions. 

4.  It  has  been  shown  that  the  difference  In  these  curves  and  the  greater 
Increase  In  the  values  of  N,  An  and  An/c  for  ^83003  solutlonr  and  the  e  :aller 
Increase  In  the  corresponding  values  for  NaHC03,  as  compared  with  similar  con« 
centratlons  of  NaOH  are  determined  by  the  different  extents  of  hydrolysis  of 
these  electrolytes.. 

3.  Using  Na2C03  and  NaHC03  as  examples  It  has  been  confirmed  experimentally 
that  the  Interferometric  method  can  be  used  for  the  determination  aud  control  of 
the  concentrations  of  hydro ly table  salts. 

Received  March  31^  19*^9 
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THERMODYNAMIC  CRITERIA  OF  THE  APPLICABILITY  OF  CHEMICAL  REACTIONS  OF  VOLUMETRIC 

•  ANALYSIS  . 

X.  B,  Yatslalrskj 
Ivanovo  Cbem.-Tech.  Institute 


There  is  no  clear  formulation  in  contemporary  literature  of  the  requirements 
vhich  must  be  satisfied  by  chemical  reactions  used  in  volumetric  analysis  from 
the  thermodynamic  point  of  viev.  Most  authors  confine  themselves  to  general  ob¬ 
servations  about  "reactions  vhich  proceed  quantitatively",  without  investing  this 
concept  with  any  concrete  content.  Meanwhile,  it  is  possible  as  shown  belo\^  to 
formulate  clearly  criteria  for  the  applicability  of  different  reactions  in  volu¬ 
metric  analysis  by  adopting  a  thermodynamic  approach.  Moreover,  thermodynamic 
consideration  of  reactions  vhich  are  the  bases  of  volumetric-analytical  deter¬ 
minations,  eiables  all  the  branches  of  volumetric  analysis  to  be  combined  and 
considered  from  a  single  viev  point. 

As  a  rule  in  voluinetric  analysis  reversible  reactions  are  used  in  which  the 
equilibrium  ia  strongly  displaced  towards  the  side  where  formation  of  the  reac¬ 
tion  products  occur: 

niAi  "¥  ^  n2B2*  (Ij 

From  our  point  of  view  it  is  essential  to  follow  the  changes  in  concentra¬ 
tion  of  two  substances  (the  titrant  and  the  material  to  be  titrated)  denoted  by 
Ai  and  Az,  A  third  component  can  participate  in  this  reaction  (H  and  OH  ions),  . 
nevertheless  in  actual  conditions  the  concentration  of  the  third  component  is 
low  and  does  not  change  very  much  during  titration.  In  the  majority  of  cases 
the  change  in  ionic  strength  during  titration  is  insignificant  and  therefore  con¬ 
centrations  can  be  used  instead  of  activities; 

Of  particular  interest  to  the  analytical  chemist  is  the  ratio  at  the  equiva¬ 
lence  point;  at  this  point  the  respective  reaction  products  (Bi  and  B2)  vhich  axe  ‘ 
formed  in  stoichiometric  ratios  are  subject  to  a  partial  conversion  into  the 
original  reactants: 

nj,^  +  D2B2  J^iAi  +  n2A2«  (I®) 

The  equilibrium  constant  of  this  reaction  is  a  very  Important  thermodynamic 
quantity  vhich  is  related  to  the  standard  change  in  the  thermodynamic  i>otentiaI 
(AZ*)  by  the  relation: 

AZ*  *  -  RT  In  K.  (1) 

At  this  equation  becomes: 

AZ*  »  -  1364  log  K  (la) 

Let  us  consider  the  change  in  thermodynamic  potential  for  reaction  (la) 
in  a  system  where  the  ratio  of  all  the  reactants  is  equal  to  the  ratio  of  the 
stoichiometric  coefficients  of  equation  (la),  i.e. 

^Ai  *  “1®  ^Az  “  “2®  *  “i®  ^B2  ■  “2®* 

If  we  substitute  these  values  of  the  concentrations  in  the  equation  for  the 
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cbea&ical  reaction  laothem,  ve 

AZ  -  RT  (in 

(nU)  ^(nia; 


-  In  K 


y  (nU)“^(nia)“*  / 

Equation  (5)  can  be  transformed  by  substituting  logarithms  to  the  base  ten 
instead  of  the  natural  logarithms,  multiplying  out  the  logarithm  and  substituting 
numerical  values  for  R  and  T  (298*  K)j 

A2  •  13yt(ni  log  ni  ♦  n2  log  n2  - nl  log  ni  - ni  log  (ni  n2  -nl  -ri)  log  a  -  togK] .  (U) 
The  following  abbreviations  are  then  used:  ^  * 

^  n  log  n»  ni  log  ni  •♦'n2  log  n2—  hi  log  ni,  — n2  logn2j  (5) 

Vn»ni  ■►n2-ni-  ni,  (6) 


pK  •  -  log  K. 

So  that  equation  (U)  may  be  rewritten  in  the  condensed  form: 


AZ  *  136U^^n  logn+loga^Ji  ♦ 

AZ  *  1564^2 o  log  n  ♦loga  2°^’*'  ^ 


AZ\ 


At  the  equivalence  point  the  ratio  of  the  concentration  of  reaction  products 
Bi  and  B2  is  equal  to  the  ratio  of  the  corresponding  stoichiometric  coefficients 
(nl  and  ni). 

The  concentrations  of  these  substances  differ  only  by  very  little  from  the 
values  calculated  on  the  assumption  of  the  absence  of  any  conversion  into  the 
original  reactants.  The  original  reactants,  as  a  result  of  reaction  (la)  are 
also  formed  in  strictly  stoichiometric  ratios.  Ve  shall  introduce  the  following 
designations  for  the  concentrations  of  the  substances  at  the  equivalence  point^^x 

^Ai  *  ^  (^9) 

After  substituting  these  values  in  the  equation  for  the  equ-ilibrixmi  concentrations 
of  reaction  (la)  ve  get: 

(nix)*'^(npx)°*  • 


.  n-''  .  n-r  ■  g.  (11) 

(nia)  ^(naa)^ 

On  taking  logarithms  of  this  equation  and  using  the  abbreviations  (^)  and  (6)  ve 
get: 

V  n  logn  +(ni  -t-na)  Iqg  x  -(ni  +  na)  log  a  pK.  (12) 

This  equation  can  be  used  primarily  for  calculating  the  concentrations  of 
reactants  (Ai  and  Aa)  at  the  equivalence  point.  In  accordance  vith  the  accepted 
designations: 

lo^Ai  “  I08  ni  log  xj  •  (13) 

lo^^  »  log  na  ♦  log  x.  (13a) 

If  ve  substitute  tbe''«lueof  log  x  from  equation  (12)  In  these  equations  and 
simplify,  ve  get  on  universal  equation  for  calculating  the  concentrations  of  the 

From  here  onwards  ve  are  dealing  with  reactions  which  occur  in  condensed  systems. 
The  equilibrium  concentrations  of  Bi  and  Ba  differ  only  very  slightly  from  the 
initial  concentrations  because  of  the  quantitative  course  of  reaction  (I). 


m 
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reactants  at  tne  equivalence  points 

(nl  ♦  ng)loga*  vK  -  Sn  loi^n :>(ni  »  najlagfii 
•  ni  f  na  ■'  '  "  .  ' 


or 


logCA^ 


n’l  log  Cgi  +  na  log  Cg^  »  na  log 

hi  •¥  n® 


Theoe  equations  can  be  used  for  calculating  the  cdncent rat Ions  of  the 
reactants  at  the  equivalence  point  for  any  volumetric  method  of  analysis.  The 
possibility  of  using  any  given  reaction  In  volumetric  analysis  Is  determined  by. 
the  magnitude  of  the  reconversion  of  the  reaction  products  (Bi  and  B^)  Into  the 
reactants  (Ai  and  Aa).  The  extent  to  vhlch  this  reconversion  occurs  Is  given 
by  the  relation: 


a  m 


(15) 


The  value  of  this  ratio  defines  the  theoretical  limit  of  the  practicable 
accuracy  for  a  given  reaction.  an  accuracy  of  determination  of  .^.1^  can  * 

be  achieved  under  conditions  such  that  the  extent  of  reconversion  of  the  reac¬ 
tion  prpducts  Into  the  reactants  (a)  does  not  exceed  O.COl,  If  decomposition  of 
the  reaction  products  to  give  reactants  exceeds  this  value,  then  the  accuracy  of 
±  O.I5&  cannot  be  achieved  at  the  given  temperature.  Log  a  can  be  calculated 
from  Equation  (12).  It  Is  equal  to:. 


~pK  -  log  h  Sp  -  P 

ni  ns 


(16) 


By  means  of  this  equation  the  limiting  practicable  accuracy  for  any  volu¬ 
metric  method  of  analysis  can  be  calculated. 

Since  the  accuracy  of  volumetric  determinations  amounts  to  then 

the  conditions  for  realizing  this  accuracy  can  be  formulated  as  follovs: 

log  I  <  -5.  (17) 

The  value  of  log  x/a  can  be  taken  from  Equation  (16),  from  vhlch: 

♦  #  . 

pK  ♦  log  a  2*^  ♦  2®  a  >  5(ni  ♦  n^).  (18) 

By  comparing  this  equation  vlth  Equation  (8),  ve*  get: 

AZ  >3*1564-(ni  ♦  m).  (19) 

The  Inequalities  of  (1T)>  (l8)»  and  (19)  express  the  possibility  of 
carrying  out  a  titration  based  on  the  use  of  a  given  reaction  vlth  an  accuracy 
of  ±  0.1^.  A  more  simple  formulation  of  this  possibility  can  be  derived  from 
Equation  (19)* 

The  change  In  thermodynamic  potential  In  process  (la),  In  a  system  vhere 
all  the  reactants  are  at  concentrations  corresponding  to  those  at  the  equivalence 
point,  should  exceed  a  definite  value.  E.g.,  In  a  simple  case  during  tte  forma¬ 
tion  of  a  substance  AB.  the  value  of  should  exceed  8l84  calories. 

The  possibility  of  using  a  given  reaction  In  volumetric  analysis  Is  de¬ 
termined  by  the  values  of  the  equilibrium  constant  of  reaction  (la)  (It  should 
have  a  minimum  value),  and  by  the  concentration  of  the  reactant  at  the  equival¬ 
ence  point  (maximum  values). 

All  the  equations  given  above  and  all  the  arguments  advanced  are  true  for 
titration  reactions  and  do  not  apply  to  reactions  preceding  titration  (prelim¬ 
inary  precipitations,  separation,  changes  In  the  degree  of  oxidation,  etc.). 
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of  the  mos<-  Important  and  most  often  used  special  cases 


let  us  consider  oi 
a  reaction  of  the  type 


In  .this  case  2^n  log  n  «  n  log  n  and  2L»n  an. 

Equations  (lU)  and  (l8)  are  simplified  considerably  In  this  special  case 
If  ve  substitute  and  take  into  account  (2),  ve  get 

,  -  log  Cj  -  pK  -  n  log  n  _  . 


pK  ♦  a  log  Cg  ^  3(n  ♦  1)  (l6*) 

In  these  equations  and  73  represent  the  equilibrium  concentratloni^  and 

and  C§  the  hypothetical  concentrations  of  A  and  B  at  the  equivalence  point  - 
under  such  conditions  that  there  Is  no  Interaction  between  them.  Cj  and  Cj  are 
the  initial  concentrations  of  ^  and  B. 

Ve  shall  demonstrate  the  applicability  of  these  equations  for  determining 
the  possibility  of  using  different  reactions  In  volumetric  analysis  and  for 
calculating  the  ratios  at  the  equivalence  x>olnt  for  a  number  of  cases.  For  the 
titration  of  a  strong  acid  with  a  strong  base  or  vice  versa  the  reaction  pro¬ 
ceeds  according  to  the  equations 

♦  OH*  «  BaO.  (Ill) 

The  concentration  of  water  formed  during  this  reaction  remains  practically 
xinchanged  during  titration,  and  the  concentration  of  water  Is  therefore  not 
Included  In  the  equation  for  the  equilibrium  constants,  la  this  case: 

m  »  na  *  1,  2*^  ■  2,  n  ■  0. 

Here,  pK  *  lU. 

Substituting  these  values  In  Equations  (lU)  and  (18)  ve  get: 

I06  Ch  -  -7,  log  C®  ■>  -k.  (18b) 

In  reaction  (III),  therefore,  the  concentrations  of  the  reactants  should  be 
more  than  0.0001  M. 

The  titration  of  weak  acids  with  strong  bases  proceeds  In  the  majority  of 
cases  according  to  the  equation: 

HA*  +  OH*  «A*“^4HaO,  (lY) 

2  X 

The  equlllbrlin  constant  for  reactions  Involving  the  conversion  of  A 
Into  the  reactants  Is  equal  In  this  case,  as  Is  well  known,  to  the  hydrolysis 
constant:  „ 


where  Ky  Is  the  Ionic  product  of  water,  and  K.j^  Is  the  ionization  constant  of 
acid  HA*.  From  which  It  follows  for  process  (IV): 


The  concentration  of  H2O  Is  not  Included  In  the  equation  of  the  lav  of  mass 

^)  From  this  point  onwards  we  shall  consider  the  equilibrium  constants  of  the 
reverse  reaction,  l.e.,  the  decomposition  of  AB^  Into  Its  components  In  this 
actual  given  Instance. 


V 


action  for  Beactlon  (IV),  and  according  to  Equation  (1^)  for  the  equivalence 
point  ,ve  get  the  well-known  relation: 

.  ■=  108  c8h  t  PKa  -  iV  fr 

log  Cqh  ■  - - ^“2  -  • 


il^) 


Troa  Equation  (180)  tte  following  conditions  for  the  accurate  titration  of 
weak  acids  can  be  derived: 

pKx  “  108  cJh  <  8.  (l8e) 

If  decinomal  solutions  are  used  and  the  volume'  Is  assumed  to  remain  un¬ 
changed  during  the  titration, 

I«A<7. 

It  is  therefore  only  possible  to  titrate  with  accuracy  those  acids  whose 
ionization  constants  ore  greater  than  10*^  (p^A  following  acldst 

HF'(3.1^*);  HzS  (6.U8);  H2C03  (6.U3);  H3P04  (2.12)^  H2P04  (7.21)}  HCOOH  (3.75)| 
CH3COOH  (4.76),  etc.  (The  values  of  pKA  are  given  in  brackets). 

Exact  titrations  of  the  following  acids  cannot  be  resiled  In  0.1  H  solu¬ 
tions;  HCN  (9.1^)}  H3BO3  (9.24)}  C0H5OH  (9.89)}  ICOs  (10,24);  HgOa  (U.62)} 

HIO3  (10.7);  HPOj*  (12.3)5  HS"  (14.70),  etc.  From  Equation  (I6)  It  follows, 
e.g.,  that  H3BO3  in  0.1  M  solution  can  be  titrated  with  an  accuracy  of  ^  1.3)l* 
For  the  titration  of  salts  of  weak  acids  with  strong  acids  according  to  the 
equation  .-i  i.  • 

A*  ♦  •  HA*  (V) 

the  equilibrium  constant  is  equal  to  the  ionization  constant  of  the  acid  EA*« 

By  using  Eqimtion  (l4a)  for  the  hydbrogen  icn  concentration  at  the  equivalence 
point,  we  get  the  following  relation: 

.  _  log  eg  -  PKa  ... 

log  Ch  ■ - J -  •  (l4d) 

The  possibility  of  titrating  according  to  Equation  (V)  is  determined  by 
Equation  (l6a);  in  this  case  we  get 

j«A  +  log  c|  >.  6 .  (led) 

If  0.1  N  solutions  of  acid  are  used,  then 

PKa  >7. 

When  using  decinoroal  solutions  it  is  possible  to  attain  the  necessary  ac¬ 
curacy  (;►  for  salts  of  acids  for  which  the  ionization  constant  la 

lees  than  10*7, 

.  Examples  are  given  below  of  anions,  the  concentration  of  which  can  be  de- 
terained  in  0.1  N  solution  (the  values  lb r  pICA  are  given  in  brackets^  CH* 

(9.14);  col*  (10.24);  HCO;  (6.43);  BS'  (6.48)3);  CeHaOH  (9.89),  etc.'^  It  is  im¬ 
possible  to  realize  by  means  of  Equation  (V)  an  exact  determination  in  0.1  H 
solutions  of  the  ions;  F*,  CH3C00*,  CeEgCOO*,  etc.  From  Equation  (I6)  it  fol¬ 
lows,  'e;g.,  that  an  acetate  in  0.1  M  solution  can  be  titrated  with  an  accuracy 
of  ±  1.3)^.  For  weak  bases  reacting  with  strong  acids  according  to  the  scheaet 

B  -  BH^,  (VI) 

the  equilibrium  constant  of  the  reaction  is  determined  by  the  conversion  of 
into  the  original  components,  and  is  equal  tot 

K  m  ^  (20a) 


For  HCOs*  and  HS*  the  accuracy  of  the  titration  is  approximately  0.2^, 
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from  which 


14  -  PKb  . 


(21a) 


The  hydrogen  ion  concentration  at  the  equivalence  point  c^u  hs  calculated 
hy  means  of  Snuatlon  (l^a): 


log  Ch  • 


log  cS  +  pKb  -  1** 


(l4e) 


Substituting  the  value  of  ^  In  Equation  (l8c),  then  In  this  ease  ve  gsti 

pKa-losCi^®-  (10e) 

For  declnomal  solutions)!  pK^  7.  According  to  (IV)  it  should  be  poss- 
Ihle  to  titrate  accurately  hy  means  of  0.1  N  solutions  only  In  those  cases  when 
the  ionization  constant  of  the  base  Is  fairly  high  and  exceeds  10“^,  This  re-  . 
qulreaent  is  satisfied  by  NHa  (4.75) >  C2H5N'H2  (3.25),  H0CH2CH2KK2  (4.56),  etc. 

It  is  not  possible  to  titrate  the  following  bases  accurately  In  0.1  N  solution 
by  means  of  a  strong  acid:  pyridine  {8.85);  aniline  (9»42);  acetamide  (12.60)| 
urea  (13.82);  thiourea  (14.96);  etc.  (the  figures  In  brackets  are  the  pKs  values). 

Complex-formation  reactions,  which  are  being  used  more  widely  of  late  In 
volumetric  analysis,  proceed  according  to  the  scheme: 

M**  ♦  nA**  »  [KAn]*““  .  (VII) 


The  equilibrium  constant  of  the  decomposition  reaction  of  the  complex  Ion 
to  fora  Its  components  Is  the  Instability  constant  (Kq),  and  accordingly  pS  » 

*  pXg*  concentrations  of  the  metal  Ion  (M^'*')  and  the  addendum  A*  at  the 

equivalence  point  can  be  calculated  from  Equation  (l4a).  In  this  case  we  haves 


log  C. 


log  eg  -  pKh  -  n  log  n 


n  -f  1 


(l^f) 


log  C^x-  * 


log  CX 


n  •»>  I 


(i*»s) 


The  possibility  of  using  complex-formation  reactions  for  volumetric  anal¬ 
ysis  calculation  Is  determined  by  the  following  Inequality  which  Is  derived  by 
substitution  of* the  value  of  pKj  In  the  Inequality  (l8e) 

pKn  >  3a  ♦  3  -  n  log  C§  .  (l8f) 

If  the  concentration  of  the  original  solution  of  the  addendum  (A*")  is 
0.1  M,  then 

pKg*  >  4n  ♦  3, 

l.e.,  for  complexes  with  different  coordination  numbers  pKg  should  be  greater 
than  some  definite  value.  In  the  case  of  a  salt  of  the  type  “  *,  pKb^ 

for  a  coordination  number  of  2,  pKfl  11;  for  a  complex  of  the  type 

pKg  ^15,  and,  finally.  In  the  case  of  a  complex  of  the  type 

w4“  ,pKh>i9. 

Titrations  based  on  the  formation  of  the  following  complexes  can  be  carried 
out  In  solutions  0.1  M  with  respect  to  the  addendum  (the  values  of  pKu  are  given 
Inbracieta):  FeHPOt  (9.35);  HgCla  (12.8);  HgBra  (17.3);  Ag(CH)i  (21); 
Cu(I.'22CH2C00)2  (15.3);  Zn(OH);  (lU.V);  Cd(CH)f"  (18.8);  TlClJ  (l8.U);,  etc. 

Accurate  titrations  on  the  basis  of  the  formation  of  the  following  com¬ 
plexes,  however,  cannot  be  carried  out  In  0.1  M  solution  with  respect  to  the 
addendum:  Cdl^-  (6.0);  Cd(S203)S*  (7.0);  FeCNS**^  (2.40);  Cu(NH3)l'**  (12.7),  etc. 

The  relations  given  above  are  also  applicable  for  calculation  when  precipi¬ 
tation  reactions  are  usdd  in  volumetric  analgia.  Almost  all  precipitation 


reaction^  vhlch  are  In  use  proceed  aa  follovat 


♦  nA**  -  MAnI  .  ‘  (VIIl) 

The  concentrations  of  tl»  metal  cations  and  anions  A*“  at  the  equivalence 
point  can  be  calculated  by  substituting  the  respective  values  in  Equation  (l4); 

The  decomposition  of  the  precipitate  formed  to  give  the  original  reactants 
la  characterized  by  the  solubility  product  of  the  salt,  MAq(Lp}.  The  reciprocal 
of  the  logarithm  of  the  solubility  product- is  denoted  by  pl.p.  After  substitution 
of  this  value  in  Equation  (l4)  and  simplifying/  ve  getx ' 

1°8  ^  ~  ~  °  I 

logCA-^-^Vl^  ..  (Hi) 

The  posalbllity  of  using  a  given  precipitation  reaction  for  volumetric 
analjfSiB  is  determined  by  the  Inequality  (l8).  For  reaction  (VIII}s 

Sn  log  n  *  n  log  n,  a  «  n  -►  1,  Having  worked  out  (2),  subatltutlng  in 
Equation  (l8)  all  the  values,  and  simplifying,  we  geti 

pLp  n  iog  ♦  log  eg  >3(n  +  1).  (l8g) 

If  solutions  are  used  with  «  0.1  and  «  0.1  h,  ve  get 

pLp  +  n  log  n  k(n  ♦I), 

For  salts  of  type  MA,  pLp  should  be  greater  than  8,  and  in  the  case  of  salts  of 
type  MAq,  pLp  should  be  greater  than  11.4.  It  should  be  borne  in  mind  that  ve 
are  considering  titrations  to  an  accuracy  of  0.1^  of  solutions  0.1  5  or  0.1  M 
with  respect  to  the  metal.  The  formation  of  the  following  salts  satisfies  this 
requirement:  AlCl  (9.8l);  AgBr  (12.11);  Agl  (15.82);  BaS04  (9.97);  B)Cr0'4  • 
(13.7**;;  HfeCla  (17.96);  HgzBr.  (22.});  ES2(CKS)2  (19.52);  Fb(I03)2  (12.52), 
etc.  The  formation  of  the  following  salts  does  cot  satisfy  this  requirement: 
SrS04  (6.55);  Tici  (5.72);  FoBr2  (5.20);  Pblg  (8.06>,  etc. 

Equations  (l6),  (l8),  and  (19)  can  also  be  used  for  calculations  involving 
oxidation-reduction  reactions.  let  us  consider  one  of  the. most  commonZy  used- 
cases: 


ni  oxid.i  4  ns  reduc.2  **  ni  reduc.i  4  n2  oxid.2.  (IX) 

In  this  case  Jn  log  n  and  Jn  become'  zero.  The  logarithm  of  the 

equilibrium  constant  is  related  to  the  oxidation-reduction  potential  by  the 
simple  relation: 

■  .  I”"  • 

Equation  (22)  can  be  applied  to  reactions  which  proceed  at  a  standard 
temperature;  ‘K2  and  “Ri  are  th»  oxidation-reduction  potentials,  and  v  is  the 
number  of  donated  (or  accepted)  electrons. 

Using  Equation  (I6),  ve  find  that  at  the  equivalence  point 

.  (ffg  -  UllT 


(1>*3) 


In  order  to  establish  the  possibility  of  using  any  given  oxidation-re¬ 
duction  reaction  in  volumetric  analysis,  ve  use  Equation  (18).  In  this 
particular  case  it  is  transformed  into  the  following  equations: 


>  5(ni  ♦  Da) 


(l8h) 


/■  ^ 
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(I8l) 

The  possibility  of  using  a  given  reaction  In  volumetric  analysis  Is  deter¬ 
mined  by  the  potential  difference.  A  change. In  pH  and  other  conditions  Is  con¬ 
nected  vlth  a  change  In  the  oxidation-reduction  potentials,  and  Is  taken  Into 
account  In  the  value  of  the  normal  potentials,  which  are  related  to  a  strictly 
defined- pH  value. 

In  conclusion  the  author  should  like  to  observe  that  is  Is  possible  to  con¬ 
sider  all  volumetric  analysis  ^thods  from  one  point  of  view  by  means  of  the 
equations  adduced,  Ve  think  that  tlie  wide  use  of  the  Inequalities  (l8)  and  (19) 
will  considerably  facilitate  the  search  for  new  cnalytlcal  reactions  and  will 
enable  the  possible  limits  of  the  application  of  reactions  already  In  use  in 
volumetric  analysis  to  be  defined  more  clearly. 


SUMMARY 

1.  A  universal  equation  for  calculating  the  concentrations  of  the  reactants 
at  the  equivalence  i)olnt  Is  proposed.  This  equation  Is  applicable  for  calcul¬ 
ating  concentrations  In  reactions  Involving  neutrallzatloi^  complex  formation, 
precipitation,  and  oxidation-reduction,  respectively, 

2.  Universal  Inequalities  are  proposed  which  determine  the  possibility 

of  using  any  given  reaction  In  volumetric  analysis.  In  which  a  determination  can 
be  carried  out  with  a  given  degree  of  accuracy  (examples  are  given  of  reactions 
In  which  accuracies  of  +  0.1^  are  inquired).  These  inequalities  are  applied  to 
concrete  cases  in  methods  based  on  neutralization,  complex  formation,  precipi¬ 
tation,  and  oxidation-reduction  reactlone,  respectively. 


"Received  April  29,  1952 
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A  GOLORBffiTRlC  METTHOD  FOR  THE  DETFJWIHATIOH.  OF  IROH 


M.  Ya.  Shapiro 


Odessa  Medical  Institute 


Aqueous  solutions  of  protocatechulc  add  (3,^-dlhydroxybenzolc  acld^l)  — 
^OOH' 

f  ll],  and  of  protocatechulc  aldehyde  CKO  [2]  are  knovn  to  give 

CXh 

OB 


a  very  characteristic  reaction  vlth  ferric  chloride:  a  green  color  appears  init¬ 
ially,  vhlch  on  addition  of  a  veah  alkali  solution  first  turns  into  a  violet 
color  and  finally  into  a  red  color. 

Lutz  [3]  used  protocatechulc  acid  for  detecting  iron.  The  author  shovs  that 
by  means  of  an  aqueous  solution  of  protocatechulc  acid  it  is  possible  to  detect 
0.24  pig  of  Fe^  in  1  ml  of  solution  in  a  weakly  acid  medium  at  a  limiting  dilu¬ 
tion  of  1:4,200,000,  while  in  a  weakly  alkaline  medium  0.1  ^g  Fe^'*’  in  1  ml  can 
be  detected  at  a  limiting  dilution  of  1:10,000,000.  Protocatechulc  acid  reacts 
in  a  similar  manner  with  salts  of  T1  and  Ce. 

In  the.  present  work  the  reactive  capacity  of  protocatechulc  aldehyde  with 
salts  of  trivalent  iron  has  been  examined,  and  the  sensitivity  and  specificity 
of  the  given  reaction  determined.  It  was  established  that  the  color  obtained  at 
low  concentrations  25  “  0.5  ‘AS  of  trivalent  Iron  in  1  ml  of  solution  with  pro¬ 
tocatechulc  aldehyde  in  alkaline  media  follows  the  Laabert-Beer  law.  This  fact  was 
used  as  the  basis  of  a  new  colorimetric  method  for  the  determination  of  iron  in 
metallic  aluminum  and  zinc  and  in  salts  of  the  alkali  er^  alkaline«earth  metals  re¬ 
spectively. 

EXPERIMEirEAL 

Detection  of  trivalent  iron  in  yeakly  acid  media.  To  1  ml  of  t^  test  sol¬ 
ution  are  added  0.1  ml  of  1^  ECl,  0.1  ml  of  a  0.25  aqueous  solution  of  proto¬ 
catechulc  aldehyde,  and  the  mixture  shaken.  After  5-10  minutes  a  color  is  obser¬ 
ved.  If  trivalent  iron  is  present,  the  qolor  developed  is  an  intense  green  color 
for  large  concentrations,  and  a  pale  violet  color  for  low  concentrations. 

0.5  /Ag  of  Fe^”**  In  1  ral  solution  can  be  detected  in  this  way  in  a  weak  acid 
medium  at  a  limiting  concentration  of  1:2,000,000. 


Detection  of  trivalent  iron  in  weakly  alkaline  media.  To  1  ml  of  the  test 
solution  are  added  0,1  ml  of  1^  ammonia,  0.1  ml  of  a  0.25^  aqueous  solution  of  proto¬ 
catechulc  aldehyde,  and  the  mixture  shaken.  A  blank  test  is  made  simultaneously,  i.e., 
the  same  volumes  of  the  above  reagents  are  added  to  1  ml  of  distilled  water,  the 
mixture  shaken  and  after  5-10  minutes  the  color  of  the  test  solution  and  blank 
solution  are  compared.  If  Fe®^  is  present  in  large  amounts  the  color  developed  is 
an  Intense  red,  while  at  low  concentrations  the  color  is  orange  yellow.  The 
blank  is  simply  colored  yellow.  When  the  reaction  is  carried  out  in  weak  alkaline 
media  it  is  Impreative  that  a  blank  be  done  because  the  reagent  itself  gives  a 
yellow  color  with  alkali. 
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In  veak  alkaline  medium  0.2 of  Fe^  In  1  ml  solution  can  be  det-^cted  at  a 
limiting  concentration  of  1;5»000,000. 

The  following  cations  and  anions  do  not  react  with  protocatechulc  aldehyde 
and  therefore  do  not  Interfere  with  the  detection  of  trlvalent  Iron-alkall  and 
alkaline  earth  metals.-Kfe,  Be,  Al,  Zn,  Cd,  Cu*jHg^^iMn*‘*‘,Co,.  Nl,  Th^*,  Zr^^La®”**, 

J**  Er®^,Nb,  Ta,  Au,  Pd,  Pt,  Tl*^,  Sn*”**,  Ag,  Ab04®,^  WOi",  Fe*'*'.  . 

Bivalent  iron  does  not  react  with  either  protocatechulc  acid  or  aldehyde. 

Lutz  (5j  la  in  error  when  he  Indlcatea  that  protocatechulc  acid  reacts  with 
bivalent  Iron.  '  * 

Elements  which  fora  precipitates  with  alkali  do  not  Interfere  with  the 
detection  of  iron,  since  if  iron  is  present  a  red  or  orange  yellow  color 
develops  in  the  transparent  layer  above  the.  precipitate,  while  in  the  blank 
a  yellow  color  appears.  Naturally  It  is  best  to  use  approximately  the  same 
amounts  of  the  elements  which  fora  precipitates  with  aL'.ali  In  the  blank.  The 
elements  enumerated  above  do  not  interfere  with  the  detection  of  iron  at  ratios 
to  of  3,000  ;  1. 

Only  Mo04^”’  VO3,  and  Cb^^^react’.vlth  protocatechulc  aldehyde.  Molybdenum 
reacts  with  aqueous  solutions  of  protocatechulc  aldeh/d®  only  in  neutral  media, 
giving  an  orange  color  at  large  concentrations  and  a  p'.le  yellow  one  at  low 
concentrations  I  The' sensitivity  of  this  reaction  ic  0,2  >ig  of  molybdenum  in. 

1  al  at  a  llaiting  concentration  of.  1:5,000,000.  Molybdenum  does  not  react 
in  weakly  acid  solution. 

Vanadium  salts  react  in  neutral  media  to  give,  a  dark  brown  color,  and 
at  low  concentrations  a  violet  brown  color.  v 

In  weak  BCl solution  vanadium  initially  gives  a  rose  color  which  is  trans* 
formed  after  10-15  minutes  into  a  yellow  color. 

The  sensitivity  of  the  reaction  for  vanadium  both  in  neutral  and  in  acid 
media  is  1  ^g  of  vanadium  in  1  ml  solution  at  a  limiting  concentration  of 
1:1,000,000. 

Salts  of  trlvalent  cerium  only  react  with  protocatechulc  aldehyde  in  a  weak 
ammonia  solution,  giving  a  red-bcovn  color  at  high  concentration  and  a  yellow-brown 
color  at  low  concentrations.  • 

The  sensitivity  of  the  reaction  is  4  }ig  of  Ce^'*'  in  1,  ml  solution  at  a 
llnvlting  concentration  of  1:250,000.  ,  • 

Ce®'*’  does  not  react  in  acid  media. 

Colorimetric  determination  of  trlvalent  iron.  Standard  solutions  of  trlvalent 
iron  are  prepared  containing  0.02  g  Fe  in  1  oh  0.25  pg  of  chemically  pure  isetallic 
iron  is  dissolved  In  5  nil  nitric  acid  diluted  with  10  ml  of  water.  The  solution*thu8 
obtained  is  diluted  to  1  liter  (Solution  A),  40*ml  Solution  A  are  diluted  to  500 
with  water  (Solution  B). Solution  B  contains  0.02  mg  of  Fe  in  1  ml. 

Colorimetric  determination  of  Iron  in  metallic  aluminum  . 

0.1  -  0.2  g  of  metallic  aluminum  (according  to  the  iron  content)  is  weighed 
out  into  a  50  ml  heaker  and  10  ml  HCl  (1:3)  added.  The' heaker  Irf 
covered  with  a  watch  glass,  and  slightly  heated  by  alternately  placing  it  on  a 
hot  plate  and  removing  it  until  all  the  aluminum  is  dissolved  when  the  solution 
is  cooled  to  ^0'-50*  and  1  ml  of  3^1  ^202  added  to  oxidize  the  Fe^"*".  The  beaker 
and  its  contents  are  then  placed  on  a  hot  plate  and  the  contents  boiled  for 
5-10  minutes  to  decompose  excess  H2O2.  The  contents  are  transferred  quantitative- 
ly  to  a  100  ml  standard  flask,  made  up  to  the  mark  with  water  and  carefully 
mixed.  5  or  20  ml  aliquots  (according  to  the  amount  of  iron)  are  transferred  to 
a  50  al  standard  to  which  2  ml  of  a  0.255t  solution  of  protocatechulc  aldehyde  is 
added. 


Tho'  solution  In  the  flask  beco.mes  colored  green  Immediately.  A  solution  of  10^ 

NaCH  Is  then  added  dropvlse  with  continuous  shaking  until  all  the  aluminum  hydrox* 
Ide  ?  precipitate  has  dissolved.  When  this  has  been  accomplished  the  color  of  the  .. 
solution  and  precipitate  changes  from  a  green  through  violet  to  a  raspberry  or 
orange-yellow  color.  . 

When  all  the  precipitate  has  dissolved,  water  Is  added  to  the  colored,  trans¬ 
parent  solution*  to  bring  the  volume  up  to  the  mark,  after  idilch  It  Is  carefully 
shaken.  The  solution  Is  then  ready  for  color  comparison. 

At  the  same  time  ^  or  10  ml  of  the  standard  Iron  solution-  8olutdon*'5-^re  In¬ 
troduced  respectively  Into  a  50  al  standard  flask,  2  ml  reagent,  and  0.5  ml  of  10^ 
NaOH  are  added  and  the  whole  made  up  to  volume  with  water  and  throughly  mixed.  The 
color  of  the  test  solution  and  blank  are  compared  In  a  Duboscq  colorimeter. 

By  means  of  this  method  the  Iron  content  of  12  samples  of  aluminum  was  deter¬ 
mined  (Table  1).  For  comparison  the  iron  content  was  determined  in  the  came  samp¬ 
les  by  a  colorimetric  method  based  on  sulfosallcyllc  acid  In  ammonlacal  solution 
by  means  of  which  both  Fe^*  and  Fe®"*"  were  determined  colorinetrlcally  (U,  5^  6,  73* 

It  Is  necessary  to  point  out  that  It  Is  best  to  determine  Iron  colorimetric- 
ally  by  means  of  protocatechulc  aldehyde  in  alkaline  solution.  In  acid  media  the 

‘or  low  concentrations,  so  that  colorlmet- 

The  results  In  Table  1  show  that  the 
colorimetric  determination  of  iron  with 
protocatechulc  aldehyde  In  alkaline  sol¬ 
ution  gives  results  in  good  agreement  both 
with  the  results  the  sulfosallcyllc 
acid  method  and  with  the  results  of  fact¬ 
ory  analyses.  The  method  proposed  can  be 
succesfully  applied  to  the  determination 
of  Iron  In  metallic  aluminum.  One  determ¬ 
ination  takes  UO-50  minutes. 

The,  colorimetric  deteminatlon  of  iron 
in  metallic  zinc. 

1  g  of  metallic  zinc  or  powder  Is 
put  Into  a  50  al  beaker,  15  ml  of  dilute 
ECl  are  added  (1:2)  and  the  beaker  covered* 
with  a  watch  glass.  The  beaker  Is  gently 
heated  by  alternately  placing  It  on  and  re¬ 
moving  it  from  a  hot  plate,  until  the  zinc 
has  dlBsolved  completelj^  when  it  Is  cooled  to  40-50*  and  1  ml  of  H202  added  to  ox¬ 
idize  the  The  beaker' s  contents  are  boiled  for  5-10  minutes  to  remove  excess 

H2O2  and  the  contents  finally  quantitatively  transferred  to  a  50  ml  standard  flask. 
2  ml  of  a  0.255^  solution  of  protocatechulc  aldehyde  Is  added  and  10^  NaOH  solution 
added  dropvlse  until  all  the  zinc  hydroxide  dissolves.  The  colored,  transparent 
solution  thus  obtained  Is  made  up  to  the  mark  with  distilled  water  and  carefully 
shaken,  after  which  it  is  ready  for  colorimetric  comparison. 

At  the  same  time  5  nil  of  the  standard  Iron  solution  —  Solution  B  -  Is  Intro¬ 
duced  Into  a  standard  flask  together  with  4  cl  reagent  and  0.5  ml  of  a  10^  solution 
of  NaOH,  cade  up  to  the  mark  with  water  and  carefully  shaken.  The  colors  of  the 
test  and  blank  solution  are  compared  in  a  Duboscq  colorimeter.  0.004^  Iron  can 
be  determined  In  L'.g  of  zinc  by  this  method.  Duplicate  determinatlozs  give  good 
agreement  *  .  . 


color  intensity  (green  light)  is  small 
ric  determination  la  difficult. 

_ TABIH  1  _ 


Iron  content  In  -percent 


Results  of 
factory 
laboratory 
analysis 

Colorimetric 

de tern Ira  t Ion 

With  proto- 
catechuie 
aldehyde 

With  sulfo- 
eallcylie 
ecld  ^ 

0.79  . 

0.80 

oTtS 

0.35 

0.34 

0.32 

0.28 

0.28 

0.27 

0.14  . 

0.13 

0.13 

1.57 

1.58 

1.60 

0.29 

0.32 

0.30 

0.18 

0.20 

0.21 

0.13 

0.15 

0.15 

0.l4 

0.15 

.  0.13 

0.82 

0.^ 

0.80 

0.70 

0.69 

0.68 

0.93 

1.06 

1.09 

^  Part  of  the  work’  with  sulfosallcyllc  acid  was  carried  out  by  A.I.Zalkln, to  whoa 
I  expreaa  my  thanks 


In  order  to  check  the  accurecy  of  the  method  experiments  vero  carried  out  In 
which  metallic  zinc  samples  previously  analyzed  were  taken  and  known  amounta  of 
iron  In  solution  added  after  dissolution  of  the  zinc.  After  oxidation,  reagent  and 
alkali  were  adde^  the  volume  cwde  up  to  a  standard  and  the  total  .Iron  content  . de¬ 
termined  by  the  method  described  above.  The  results  of  these  tests  are  glVen  In 
Table  2. 


TABLE  2 


Designation  of  test  sample 

Iron  content 
In  percent 

Iron  added 
In  percent 

Total  Iron 
In  percent 

Iron  found 

Granulated  zinc,  tcch 

0.015 

0.008 

0.025 

0.022 

Granulated  zinc.  Anal.  Grade 

0.006 

0.002 

0.008 

0.008 

Granulated  zinc  (Kahlbaum) 

.  , 

free  from  srsenlc 

0.004 

0.004 

0.008 

0.007 

Zinc  dusz,  tech. 

O.GOS 

0.004 

0.012 

0.011 

Zinc  dust.  Anal.  Grade. 

0.006 

0.002 

0.008 

0.008 

Zinc  dust  (Kahlbaum) 

Anal.  Grade 

0.006 

0.004 

0.010 

0.010 

The  colorimetric  ceteimilnat ion  of  Iron  in  ..alts  of  the  alkali  and  alkaline 

earth  metals 

2  g  of  the  salt  Is  weighed  Into  a  beaker,  dissolved  In  10-15  nJ.  of  water 
and  2-5  drops  of  cone.  HllOa  added  to  dissolve  and  oxidize  the  Iron.  The  solution 
Is  quantitatively  transferred  to  a  standard  50  ml  flask,  2  ml  of  a  0.255t  aqueous  so¬ 
lution  of  protocatechulc  aldehyde  and  5-^  drops  of  10^  NaOH  are  added,  the  volume 
made  up  to  the  mark  with  water  and  carefully  mixed. 

At -the  same  time  5  nil  of  the  standard  Iron  solution  -  Solution  E—  Is  meas- 
ured^^to  a  100  ml  flask  and  4  ml  reagent,  and  2-5  drops  of  10^  NaOH  added.  The 
volime  Is  made  up  to  the  mark  with  water  and  shaken  thoroughly.  The  colors  of 
test  and  blank  solution  are  compared  In  a  Duboseq  colorimeter.  0.004^  Iron 
can  be  determined  In  2  g  of  the  salts  of  the  alkali  and  alkaline  earth  metals. 
Duplicates  are  In  good  agreement. 

In  order  to  check  on  the  accuracy  of  the  method  experiments  were  carried 
out  In  which  salts  were  used  containing  a  krovn  amount  of  Iron  and  to  these- were 
added  a  known  weight  of  Iron  In  solution.  The  total  iron- was  then  determined  by 
the  colorimetric  method  described  above.  The  results  are  given  in  table  5« 


TABI£  5 


•  Designation  of  test  sample 

Iron  content 
in  percent 

Total  Iron 
in  ’percent 

.  Iron  found 
In  percent 

Sodium  chloride,  tech 

0.008 

0.004 

0.012 

O.Oll 

Sodium  chloride.  Anal,  grade 

0.004 

0.002 

0.006 

0.006 

Magnesium  chloride,  tech. 

0.010  ■ 

0.008 

0.018 

0.017 

Magnesium  chloride.  Anal. 

0.O04 

0.004 

0.008 

0.008 

grade 

Calcium  chloride,  tech. 

0.012 

0.008 

0.020 

0.020 

Barium  chloride,  tech. 

0.010 

0.004 

0.014 

0.012 

The  method  gives  good  results.  The  total  iron  found  In  most  cases  corres¬ 
ponds  to  the  amount  taken.  The  deviations  observed  In  some  cases  are  very  small 
considering  the  very  low  Iron  content. 


SU!-CIARr  ^ 

1.  A  new  color  reaction  Is  projxjsed  fbr  the  determination  of  trlvalent  Iron, 
which  Is  based  on  the  development  of  a  color  on  Interaction  with  protocatechulc 
aldehyde  (0H)2*CeH3 ‘CEO. 
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The  limit  of  Identification  in  acid  media  is  0.^  Fe  In  1  ml  aolutlon,  and  in 
alkaline  media  0.2/4gin  1  ml  solution.  The  majority  of  the  eb^menta  at  con* 
centratlona  3000  times  that  of  the  iron  do  not  Interfere  M0O4  ",  VOs",  and  Ce*.'*’  • 

give  the  colors  with  the  reagent. 

2.  It  has  been  established  that  the  color  obtained  by  the  interaction  of 

low  concentrations  of  trlvalent  iron  for  25-0. 5^8  la  1  ylth  protocatechulc- 
aldehyde  in  alkaline  media  conforms  to-the  Lambert- Beer  law.  On  this  basis 
therefore  a  new  colorimetric  method  for  the  determination  of  iron  has  been  worked’ 
out •  .  ‘ 

3.  This  colorimetric  method  has  been  worked  out  for  the  determination  of 
iron  in  metallic  aluminum,  and  zinc,  and  in  the  salts  of  the  alkali  and  alkaline 
earth  metals. 

Received  JJecember  17,  19^9 
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THE  USE  or  DI^IPYBYLFfiENYLMETHANE  IN  ANALYtlCAL  CHEMISTRY.  2 
« 

S.  I,  Gusev  end  R.  0.  Belles 
Molotov  State  Medicinal  Institute 


We  have  shown  previously  how  dlantlpyrylpheny  line  thane  (I)  can  he  used  for 
the  volumetric  and  gravimetric  determination  of  vanadium:^ 


Further  work  has  demonstrated  that  d la ntlpyrylphenylae thane  under  certain  cond¬ 
itions  gives  Insoluble  or  almost  Insoluble  precipitates  with  the  anions 
[Fe(CN)o)®“,  [Fe(CIl)5  NQ]^-,  [Co(CH)el®-,  and  also  Cr207^7  [Co(K02)eP’and 
some  others.  In  these  cases  the  base  (I)  reacts  with  the  respective  complex 
acids  forming  salts  of  the  **  ammonia"  type  with  high  molecular  weights. 

In  the  present  article  results  are  given  for  the  quantitative  determin¬ 
ation  of  [FeCCU)®]®*  and  lFe(CN)o]**  by  means  of  dlantlpyrylphenylme thane i 
and  the  compounds  formed  are  described. 

Gravimetric  Determlratlon  Of  With  Plant l-Dvrylnhenylaethane 

When  an  alcoholic  solution  of  diant ipyrylphenylme thane  hydrochloride 
reacts  with  a  solution  of  K3[Fe(CI^]  in  a  weak- acid  medium^  rapid  formation 
of  a  greenish-yellow  ciystalllne  precipitate  of  the  composition 
[■(CiiHiiON2)2CEC6E5]3H3[Fe(a0o]‘9H30  occurs  according  to  the  following  reaction 


CH3-C= 


C0H5 


1 

CeHs 

I  i 
CH3— ■ 


CT - C - iJ-CHa  (cNa)  ]»-  t  5H* 

CoHs  A  H-GHa 

0  o^Y 

C0H5 


'CH— C«»*=C - CH3 

I  I  I 


.  CoHs  C 


’ — CHa 
H 


C0H5  (II)  .  ^aHs 
(for  the  crystal  form  see  Plate,  page  291^  • 


(Fe(CN)el' 


Ja 


On  heating  to  106*120*  the  compound  loses  Its  water  of  crystallzatlon 
but  not  Its  crystalline  structure j  the  pi*oduct  thus  obtained  Is  of  a  brown 
color,  which  clinkers  at  IjS'lUO*-  to  a  black  mass. 


1)  Gusev,  Belles  and  Sokolova,  The  Quantitative  Determination  of  ‘.Vanadium  by 
Means  of  Dlantlpyrylphenylmethane.  J.  Anal.Chem.^  Ho.  1,  p.43  (1951)* 


This  black  mass  decomposes  with  cwelllng  at  155“!^*.  The  compound  (II)  dis¬ 
solves  In  alkalis  and  strong  acids,  with  gradual  separation  of  dlantlpyrylpbenyl* 
methane;  the (Fe(CN)ol^"  Ion  can  be  detected  In  solution^  (n)  Is  soluble  In  96*  al¬ 
cohol,  but  precipitates  out  on  addition  of  water. 

For  analytical  purposes  It  Is  essential  that  the  (Fe(CN)o)^"  ion  should  not 
react  with  dlantlpyrylphenylme thane. 

Analysis  of  the  compound  prepared  (II)  . 

Velght  taken, In  g  Weight  of  products  Fouri  percent 

obtained^  in  g. 


0.1016 

0.1120 

0.1016 

0.1120 

0.7350 

0.6960 


CO2--O.259O 
GO2— 0.281*9 
HaO—0. 01*89 
HsO— 0.0531* 
Fe^Oa — 0.037^ 
Fe^Oa - 0 . 036O 


0-69.57 
0—69. 1*2 
5.39 
H—  5.31 
Fe-  5.57 

Fe-  5.62 


For  [(CiiHii0N2)2CHCeH5l3K3  [FeCCII/o]  Calculated  C-  69.515&;  E  -  5.^6^;  Fe  -  3.J^75t- 


Letermlr^tton  of  water  of  crystalllzat! 


I.w006gafter  drying  yielded  O.9082  g» 

Found  percent;  K20-— 9*23  For  lCiiHn0N2)2CHCeH5l3H3(Fe(C^^J *9320. 
calculated  percent;  H20'-9.l6. 

In  the  quantitative  deteralcetlon  of  [Fe(CN)62^*it  Is  necessary  to  carry 
out  the  analysis  so.  that- towards  the  end  of  precipitation  the  solution 
contains  50^  alcohol,  since  under  these  conditions  the  precipitate  of  the 
complex  Is  Insoluble  while  the  excess  reagent  (I)  is  kept  In  solution. 

The  high  molecular  weight  of  the  compound  enables  small  cunounts  of 
K3[Fe(CN)e]  to  be  determined. 

a  Crravimetrlc  determination  of  Ka[Fe(CN)f^l.  To  5  nil  of  a •  solution  of 
I^Fe  (Cl*) el  containing  0.02^  g  of  the  salt,  are  added  7  nil  water,  3-^  drops 
Oi.'  2.  N  E2S04  and  12  ml  of  a  2^  alcoholic  solution  of  dlantlpyrylphenyl- 
methane.  A  precipitate  Is  Immediately  formed  which  after  15  minutes  is  filtered 
under  vacuum  Into  a  sintered  glass  funnel,  the- residue  Is  washed  from  the 
beaker  onto  "the  funnel  with  filtrate  and  the  precipitate-  finally  washed  with 
23^  aqueous  alcohol  (10-15  ml)  and  subsequently  with  water  acidified  with 
nitric  acid  (4  drops  1  N  to  100  ml  H20) .  On  dilution  with  the  water  some  dlantl- 
pyryiphenylme thane  separates  out  from  the  filtrate,  but  a  test  for  [Fe(CN)eP* 
by  the  formation  of  IVimbull*  s  blue  is  negative.  The  precipitate  is  dried  to 
constant  velght  at  100-120*  for  2  hours;  sometimes  some  cllrikerlng  occurs  but  this 
does  not  affect  the  accuracy  of  the  result.  Similar  determinations  were  made  with 
different  amounts  of~lC3[Fe(CH)6l-  Results  of  some  the  determinations  are  given  In 
Table  1. 

TABIZ  1 


K3[Fe(CN)e]  Expt.  c 
found.  In  g  drror,  g 


These  results  show  clearly  that  the  method  is  applicable  to  the  gravimetric 
determination  of  K3[Fe(CN)o]. 

b.The  gravimetric  determination  of  K»i|[Fe(CN)^  In  the  presence  of  K^f Fe(cril4. 
To  on  accurately  measured  volume  Of  K3[Fei(eNjd  of  knovm  concentration  a  solution 
of  K4[Fe(CN)o] is  added,  and  the  determination  carried  out  by  the  method  des¬ 
cribed,  the  amount  of  va ter  added  being  decreased  by  the  amount  of  K4[Fe(CN)o3 
solution  used,  so  that  the  final  solution  still  contains  50^  alcohol. 

Results  of  the  determinations  are  given  in  table  2.  •  ' 

..  TADIf:  2 


K*,fFe(CN)«l  taken  ' 

K.[re(CII] 

fO  token 

.Ppt,.  II 
obta  ined, 
in  R  . 

K3lFe(CN)«l  ' 
found,  in 

R 

Exptl. 
error, in 

R 

Solution, 
in  ml 

Content, 

in  R 

jEHWjnnBgj 

IRIBoHl 

Content, 
In  g 

5 

0.0250 

5 

■0.U25 

0.1212 

0.0249 

-.0i0002 

5 

0.0250 

5 

0.025 

0,1210 

0.CC48  . 

-0.0002 

5 

0.0250 

10 

0.05 

0.1256 

0.0257 

•K).0007 

5 

0.0250 

10 

0.05 

0.1270 

0.0260 

♦0.0010 

10 

0.0500 

10 

0.05 

O.2U56 

0.0505 

40.0003 

10 

1  0.0500 

10 

0.05 

O.2U2O 

0.0496 

-0.0001# 

c.Gravinotric  determination  of  KAfFefCI^I.  An  accurately  know  volume 
of  KfctFe (CH) el  solution  of- definite  concentration  and  containing  a  few  drops 
of  211  H2S04  is  oxidized  with  0.1  N  IQ'!n04.  The  K3[Fe(eiI)el  formed  by  this 
oxidation  is  precipitated  with  dlantipyrylphenylmethene  by  the  ciethod 
described  above. 

Results  are  given  in  Table  5. 

TABLE  3 


Precipitate  (II) 
obtained  in  g 

^lC.[Fe(CH)e] 
found,  in  g 

Experimental 
erroij  in  g 

Solution 
in  ml 

Content, 
in  g 

5 

0.0250 

o.ic9o 

0.0247 

-0.0005  • 

5 

0.0250 

0.1069 

0.’0245 

-0.0005 

10 

0.0500 

0.2193  - 

0.0504 

♦0.0004 

•  10 

0.0500 

0:2610 

•  0.0495 

-0.0005 

■  Deteralcatlon  of  K^lFefO'^l  and  C^al  when  present  to.^ther. 

K3[Fe(CN)eJ Is  determined  In  one  aliquot  as  described  above  and  then  another  aliquot 
Is  taken  which  is  preliminarily  oxidized  with  0.1  N  IC-ln04  and  the  total 
K3lFe(CN)e]  determined* K4[Fe (CN)e]  can  then  be  determined  by  difference. 

Results  of  these  determinations  are  given  in  Table  k.  For  simplification 
only  the  total  salts  expressed  as  [Fe(CN)3]^*  are  given. 

By  means  of  dlantlpyrylphenylmethane,  therefore,  it  is  possible  to  carry 
out  gravimetric  determinations  of  small  amounts  of  ferro  and  ferrlcyanldes 
either  separately  or  together.  Attemps  at  a  volumetric  method  gave  high  and  In¬ 
consistent  results. 


TABI£  k 


K3:Fe(CN).l 

_ ic.:Fe(c:))«l  ~~] 

Ppt.  obtained, 
in  g 

[Fe(CM)8]3‘ 
found,  in  g 

[Fe(CII)8j** 
calc,  theo¬ 
retical,  in  g 

Solutionj 
in  ml 

Content, 
In  g 

Solution, 
in  ml 

Content, 
in  R 

1 

0.0050 

4 

0.0200 

0.115^  ^ 

0.0iV9 

0.0lif7  ^ 

1 

0.0050 

4 

0.0200 

0.1173 

0.0152 

0.0147 

2 

0.0100 

5 

0.0250 

0.1489 

0.0201 

0.0208 

2 

0.0100 

5 

0.0250 

0.1467 

0.0198 

0.0208 

3 

0.0150 

5 

0.0250 

0.1780 

0.0235 

0.0241 

3 

0.0150 

5 

0.0250 

0.l8l4 

0.0259 

0.0241 

5 

0.0250 

5 

0.0250 

0.2420 

0.0519 

0.0505 

3 

0.0250 

5 

0.0250 

0.2559 

0.0508 

0.05P5 
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Interactions  Betv<?t»n  Ttw  Nitropruasldt  [Fe(CN)sNOj?* 

And  Coba  1  tocyan  idg  [  Co  ( CM )  ^ ^An  Iona,  Wl th  JDlant  lpyT3rlphenyjji^.tlMmg 

The  reactions  between  these  anions  and  dlantlpyrylphenylme thane  proceed  In 
the  saaie  vay  as  for  lFe(CN^6l^*»  formation  of  "  ammonia"  aalta 

of  the  respective  acids  and  base  (I)< 


[re(CN)5N0j* +211^  —¥ 


[Fe(CN)5N0]* 


(III) 


♦  ICo(CN)o)^%  3H'*' - - 

t 


r  CHa  - 
CH3  ” 


f— ?  = 


=s  C  -CHa-i 


CeHs 


0  N  H 
I 

CeHs 


CH3 


[Co(CN)«]^* 


(IV) 

The  reaction  between  T?a[Fe(CW)eWOl  .‘gHgC)  and  dlantlpyrylphenylme  thane 
(preparation  of  compound  Til).  To  60  ml  of  a  2^  alcohoilc  solution  of 
dlantipyrylphenylmethane  diluted  with  Uo  ml  of  wateij  and  0,5  ml  of  1  N  HCl, 

Is  gradually  added  a  solution  of  0.2  g  nltroprusslde  in  10  ml  water.  A  white 
bulky  crystalline  precipitate  forms,  which  after  filtration  Is  washed  with  21^ 
aqueous  alcohol  and  dried  to  constant  weight.  Ro  [Fe(CN)5N0l^*  anions  were 
detected  In  the  filtrate  (acetone  test).  The  compound  Is  a  white  crystalline 
material,  reminiscent  In  form  of  the  crystals  of  complex  (II)  under  the  microscope 
The  complex  contains  three  molecules  of  water  of  crystallization.  At  l80*  thO 
anhydrous  product  decomjxjses  with  swelling. 


Analysis  of  the  compound  formed 
Weight  taken  Weight  of  products  Found 


In  g 

obtained  In  g 

Percent 

0.1206 

CO2  -  t).*250T' 

C  -  65. 7B 

0.1115 

CO2  -  0.2715 

c  -  65.85 

0.1206 

H2O  -  0.0555 

H-  5.15 

0.1115 

H2O  -  O.OU95 

H  -  4.90 

0.7125 

Fe203  -  0.0478 

Fe  -  4.69 

0.6842 

Fe203  -  0.0465 

Fe  -  4.75 

For  (CiiHii0N2)2CHCoH5]2[Fe(CN)5R0].  Calculated  C  -65.96^;  H-  5.09^ 
Fe  -W.87^. 
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0,796^  g  vas  taken  for  the  detenalnatlon  of  the  water  of  cryatalllzatlon 
0.7714  g  was  obtained  after  drying. 

For  .[  (CiiHii0N2)2CHCoH5]2H2[Fef:N)5N0)'5H2a  Pbund  percenti  ^20  5.l4. 
Calculated  percent:  Hio  5.25. 

The  reaction,  between  Nar^fCoCCN)^!  and  d lent tpyrylpbenyiiae thane  (preparation 
of  compound  {IV),To  150  nl  of  a  15^  solutlon  of  dlantlp^ylphenylmet^iie  In  5^% 
aqueous  alcohol  with  5  drops  of  1  N  H2S04  is  added  a  weak  acid  solution  of  0,7 
g  of  Na3[Co(CN)o]  In  25  ml  water.  The  precipitate  Is  washed  with  25^  aqueous 
alcohol  and  dried  to  constant  weight.  The  complex  Is  white  crystals;  under 
the  microscope  long  fine  needles  are  observed.  The  product  contains  l4  molec¬ 
ules  of  water  of  cryatalllzatlon,  after  removal  of  which  by  heating.  It  acquires 
a  rose  color. 


Analysis  of  the  compound  formed 


Weight  taken* 

Weight  of  products 

Found 

In  g 

obtained* In  g 

Percent 

0.1084 

CO2  0.2749 

c  69.21 

0.1256 

CO2  0.5152 

c  69.14 

0.1084 

H2O  0.0514 

H  5.51 

0.1256 

H2O  0.0592 

H  5.56 

0.68^ 

Co304  0.0557 

Co  5.59 

0.4604 

C03O4  0.0218 

Co  5.52 

For  [piiHiiON2j2CHCoH3]3H3lC6(CN)o].  Calculated  C  -59.5454  H -5.44^  Co  -  5.66^1. 

De term.* nation  of  water  of  crvstalTlzatlon. 

0.2016  g  on  drying  gave  0.1740  anhydrous  product. 

For  [€;^lHllON2)2CEC3H5]3H3[Co(CN)3]•l4^2a Found  percent  H2P-15.71, 
Calcula^d  percent  H20  -  15.5.  ^ 

A  precipitate  can  be  formed  by  the  Interaction  of  dlantlpyrylphenylae thane 
with  sodium  cobaltlnltrlte  Ka3[Co(N02)6] *  The  composition  of  the  comple'x  formed 
corresponds  approximately  to  the  formula  l{CiiHiiON2)2CHCoHs]3H3[Co:C?02Jeli 
It  changes  with  time  however. 

The  Interaction  of  Dlantlpyrylphgnylmethane  wlth.  Cr207*  * 

and  CrO^**  Ions 

The  formation  of  well  formed  crystalline  precipitates  as  the  result  of 
the  Interaction  of  organic  compounds  with  salts  of  sexlvalent  chromium  Is  rare. 
The  reaction  therefore  between  Cr207^*  (or  Cr04^“)  and  d la ntlpyrylphenylme thane 
In  a  weak  acid  medium  is  of  Interest  as  It  leads  to  the  formation  of  a  yellow 
crystalline  precipitate  of  the  composition  ((CllHllON2)2CHCeH5]2^^CI207. 


To  IsX)  ml  of  a  2^  solution  of  dlontipyrylphsnylaie thine  In. 5*^^  aqueous  alcohol 
Is  slovly  added  about  30  ml  of  a  0.5  N  solution  of  lC2Cr207;  yellow  crystals 
separate  out,  which- are  filtered  off,  washed  vlth  water  and  dried  In  a  desiccator. 
The  crystal  fora  Is  shown  in  the  photograpt^  Fig.  2.  (See  Plate,  page .291) 

This  compound  easily  acquires  an  orange-red  color,  particularly  If  gently 
heated;  at  100*  the  product  is  converted  Into  a  black  sintered  mass.  The  compound 
Is  only  slightly  soluble  In  water  (0.06^),  ether  (0.02^),  but  la  considerably  more 
soluble  In  alcohol  (0.9^). 


Vt,  taken,  In  g 


Analysis  of  the  compound  formed 
Wt.  of  products  obtained.  In  g  Found  percent 


j.  wa 

0.2llh 

0.1278 

0.1310 


Cr203  0,0262 
CT2O3  0. 0336 

8.63  0.1  ri  H2S04 

8.6.8  ml  0.1  .H  H2S04 


Cr  9.23 
Cr  9.28 
N  9.51 
N  9.28 


For  ( (CiiHii0IJ2)2CHC6H3  32H2[Cr207].  Calculated  Cr  9.08^N  9.551t. 

Uo  precipitate  Is  formed  by  the  Interaction  of  dlantlpyrylphenylme thane 
with  K2Cr04.  Acidification  of  the  solution  with  dilute  s-ulfurlc  acid  leads  to 
a  slow  precipitation  of  a  crystalline  precipitate  of  the  same  composition  as 
given  by 

In  conclusion  we  should  like  to  observe  that  dlantipyrylphenylmethane  can 
form  a  series  of  compounds  which  can  find  applications  In  analytical  chemistry; 
e.g.,  the  compound  formed  with  cobalt  thioci-anate,  with  zinc  thiocyanate^  and 
other^  the  Investigation  of  which  will  be  the  object  of  further  communications. 

At  the  present  time  we  are  studying  the  possible  applications  in  analytical 
chemistry  of  the  reaction  products  of  antlpyrlne  with  certain  aldehydes  apex*t 
from  benzaldehyde,  e.g,  with  sallcylaldehyde,  para  dime  thy  lam  Inobenzaldehyde,  etc. 


SUrCl'vRY  .  •  . 

1.  I;;  the  Interaction  of  dientlpvrylph-enylnethanc  '1}  with  [Fe(CN)6J^*, 

[Fe(cn)5ll'03V,-  lCr207]^”  Ions,  the  compounds  (IV)  and 

(V)  are  formed.- 

2.  A  method  for  the  gravimetric  determinations  of  [Fe  (?^(ClObl^ 

Ions  either  separately  or  together  has  been  worked  out. 

The  determination  Is  made  on  the  basis  of  a  compound  of  the  composition 
I  (CiiEiiON2)2CHC6H5  I3  H3IF0  (cn)6) . 

The  factor  for  converting  to  [Fe(CN)s)^*l6  0.1319. 
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A  COLOR  REACTION  FOR  m  RARE-EARTH  ILiyiENra 

V.  I.  KuznetsoT  * 

Institute  of  Geochemistry  and  Analytical. Chemistry,  Acad,  Scl,  Moscow 

A  number  of  color  reactions  for  the  rare-earth  elements  are  either  described 
or  mentioned  in  the  literature.  Both' group  reactions  and  reactions  for  individual 
rare-earth  elements  have  been  described.  Of  the  group  reactions  mention  may  be 
made  of  those  involving  alualnon  (l6),  murexlde  [la],  pyrogallol  or  gallic  acid  [919 
and  various  others. 

Color  reactions  for  individual  rare-earth  elements  which  have  been  described 
are:  for  cerium  —  those  based  on  the  oxidizing  [6,7,151  or  chromophorlc  action 
of  quadrivalent  cerium  [9>  23,1;  for  ytterbium  -  those  using  the  exceptionally 
strong  reducing  action  of  bivalent  ytterbium  [2V-and  for  europium  the  strong  reduc¬ 
ing  action  of  bivalent  europium  [3l;  for  lanthanum  -  reactions  with  iodine, 
acetates  and  ammonia  [5];  for  scandium  reactions  with  o-amlnophenylarsinlc  acid 
+  sallcylaldehyde  [19]  and  with  murexlde  [la]. 

Wenger  and  Duckert  have  published  results  of  their  critical  study. of  reagents 
for  cerium  [12],  rare  earths  and  yttrlxra  [13]  and  for  scandium  [l4]. 

Old  methods  are  still  used  along.side  the  new  reactions  for  determination 
of  the  rare-earths,  e.g.,  Hildebrand  and  Lendel  in  their  textbook  [1?]  recommend 
detection  of  the  rare  earths  by  precipitation  as  oxalates  or  fluorides  despite 
the  fact  that  this  method  is  not  sensitive  enough,  and  also  requires  considerable 
time. 


Group  reactions  for  the  rare-earths  which  have  been  described  are  only  of  low 
selectivity,  and  Convenient  methods  of  ellnlnatlng  Interference  from  other  elements 
have  not  been  worked  out  for  these  reactions.  Reactions  for  individual  elements 
are  of  basic  Interest  for  the  detection  of  these  elements  in  their  mixtures.  -These 
reactions  in  the  majority  of  cases  are  complex  to  carry  out,;a:-d  moreover  they  are 
not  known  for  all  the  rare-earths. 

In  spite,  therefore,  of  an  apparent  sufficiency  of  known  reactions,  the 
detection  of  the  rare-earths  in  nlnerals  and  in  the  presence  of  other  elements 
still  presents  difficulties.  In  this  connection,  the  author  considers  that  the 
group  color  reaction  for  the  rare  earth  elements  described  in  this  article  may  be 
of  interest. 

I 

The  new  color  reaction  is  not  selective  >  however  interference  on  the  part  of 
other  elements  can  be  easily  ellnlhated  by  simple  methods  which  are  described, 
while  the  confirmatory  reaction  also  described  guarantees  freedom  from  errors 
in  making  wrong  diagnoses  on  the  rare  earth  elements. 

It  has  been  shown  previously  [l8]  that  compounds  which  Incorporate  the 
atomic  grouping: 


can  give  color  reactions  with  the  rare  earth  elements,  and  also  with  zirconium, 
thorium,and 'other  element!. 

Of  reagents  of  this  group  mention  may  be  made  of  o-arsonobenzene 
<l-azo-2^  -2-hydroxynaphthaiene-3,6-disulfonlc  acid  (thoron)  which  has  been 
recommended  prevously  for  color  reactions  [20]  and  the  colorimetric  determination 
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Llii 


of  thorium  [XI, 2^]  and  of  o-araonobenzene-  •  1,3  .dlljydroxynaphthaleno-^  j 

3, 6-dl sulfonic  acid  which  we  shall  call  arsenazoi 


In  the  pz^^sent  article  we  shall  describe  a  color  reaction  with  arsenazo. 

Mechanisa  of  the  color  reaction.  A  cyllc  complex  salt  la  formed  during 
reaction  with  arsenazo  in  which  there  is  sufficient  intramolecular  disa  ociatlon 
for  determining  the  color  observed  [21]. 

The  Ionic  state  of  the  reagent  which  exists  In  solutions  of  thia  reagent 
la  concentrated  sulfuric  acid  [^azo-salt**^  ^■’blue-vlhlet  cdlor)  and  the  ionic  state 
which  exists  in  allcallne-  solutions  (phenolates  -i-  bluish-rose  color)  participate 
in  the  red-violet  color  of  the  solutions  of  complexes  of  the  rare  earth  elementa 
with  arsenazo* 


The  Color  Reactions  of  the  Reagent  Arsenazo 

Solutions  of  arsenazo  alone  In  neutral  and  in  weak  acid  solutions  are  of 
a  rose  color,  while  in  alkaline  solution  they  are  bluish-rose. 

The  rare-earth  elements.  Sc  and  T  form  reddish-violet  colors  in  neutral  media. 
Under  these  conditions  the  following  elements  also  give  color  reactions: 

VI 

U^  -  blue  coloration 
Cu‘“'  -  blue-violet  coloration 
Al,  X  ,Th[l8]  —  violet  coloration  or  precipitate 
ZrtfI,Ga,, la^Pc^^-  oluish-rose  coloration  or  precipitate 
Te^  —  brown  lilac  coloration 

In  addition  lar^  amounts  of  Tl^and  Cr^^^  give  violet  precipitates 
particularly  on  heating.  Nb  and  Ta  also  give  violet  precipitates  under  different 
conditions  (arsenazo  Is  added  to  an  alkaline  solution  of  nlobates  or  tantalates 
and  the  mixture  subsequently  acidified). 


IDetectlon  of  the  •‘Rare  Earth  Elements  in  Pure  Solutions  and  a 

Confirmatory  Reaction ^ 

The  rare  earth  elements  form  red-violet  colors  only  la  a  neutral 'medium. . 

In  acid  and  even  in  weakly  acid  solutions  no  reaction  occurs. 

The  optimum  pH  Is  ca.  7.2  (bluish-green  for  bromothymol  blue),  jDut  reactions 
can  be  carried  out  In  the  pH  range  6, 5-7*5  (frw  yellow-green  to  greenish-blue 
for  bromothymol  blue). 

Since  the  substances  introduced  into  the  usual  buffer  solutions  in  order 
to  get  the:  requisite  pH  values  mask  the  rare  earth  elements,  the  optimum  pH  is 
produced  by  means  of  urotropine.  « 

Detection  is  carried  out  as  follows. 


V  The  synthesis  of  arsenazo  is  described  at  the  end  of  this  article.  ' 

The  synthesis  of  thoron  has  been  described  in  [20]  ai^i  in  addition  is  included 
in  Kulberg's  book  [24]. 
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To  2  ml  of  test  solution  vlth  an  acidity  no  greater  than  0.0$  li  HCl  are 
added  1-2  drops  of  a  0.0$^  aqueous  solution  of  arsenazo.  If  the  solution  la  ' 
neutral  then  it  is  necessary  to  acidify  it  before  addition  of  arsenazo  by  addition 
of  5  drops  of  0.1  N  HCl. 

The  absence  of  any  change  In  the  rose  color  of  the  reagent  indicates  the 
absence  of  iron,  zirconium  and  thorium.  • 

Next  5-10  drops  of  a  2$^  solution  of  urotroplne  are  added.  If  only  5  /«g  of 
a  rare  earth  element  is  present  a  red-violet  color  develops,  vhl.ch  immediately 
changes  to  a  rose  color  on  addition  of  a  few  di^ps  of  1^  sodium  phosphate  solution. 
(Confirmatory  test,  distinction  from  Al,  Cu,  V^,Zr  and  partially  from  Th).  . 

This  slov  disappearance  of  color  after  addition  of  sodium  phosphate  is 
characteristic  for  the  rare-earth  elements.  The  colors  formed  by  other 
elements  either  do  not  change  as  a  result  of  adding  phosphate  or  only  change 
slovly.  If  more  than  5.ug  of  a  rare-earth  element  is  present  a  greater  amount  of 
arsenazo  can  be  used  to  Increase  the  definition  of  the  reaction. 

For  detection  of  the  rare-earth  elements  in  very  dilute  solutions  it  la  necessary 
to  establish  the  required  pH  value  more  accurately. 

This  is  done  as  follows.  The  neutrel  or  weak  acid  test  solution  is  divided 
into  two,  to  one  half  is  added  broaothyaol  blue  and  then  simultaneously  and  equal 
number  of  drops  of  a  2$^  solution  of  urotroplne  Is  added  to  both  halves  until  the 
half  with  the  bromothymol  blue  acquires  a  bluish-green  color.  At  this  point  addi¬ 
tion  of  urotroplne  Is  stopjKd  and  the  arsenazo  is  added  to  the  half  free  from 
bromothymol  blue.  At  high  dilutions  it  is  necessary  to  compare  with  the  color  of 
a  blank. 

The  limiting  dilution  Is  greater  than  .  1;5,CXX),000.  When  the  optimum  pH 
value  is  very  carefully  prejared  it  Is  posslb}^  to  go  as  low  as  1:5,000,000, 
but  the  sensitivity  falls  off  shai*ply  for  even  small  deviations  from  the  optimum 
pH. 

The  limit  of  identification  is  of  a  rare  earth  element  (in  1  ml  at  a 

dilution  of  1:2,500,000) 

Fluorides,  phosphates,  tungstates,  -oxalates,  citrates-,  tartrates,  and  other 
complex -forming  compounds  Interfere  with  the  color  reaction  because  they  form 
weakly  dissociated  complexes  with  the  rare  earth  elements.  Salicylates  exhibit* 
a  slight  effect. 

In  order  to  carry  out  the  reaction  by  a  drop  technique,  a.  drop  of  0.2-0.$^ 
solution  of  arsenazo  is  placed  on  filter  paper  and  dried.  The  stain  is  touched 
with  the  end  of  a  very  fine  hair  capillary  with  a  diameter  of  0.2  mm  and  a  micro 
drop  of  the  test  solution  with  the  requisite  pH  value  slowly  allowed  to  form. 

If  rare-earth  elements  are  present,  then  at  the  point  oT  contact  a  violet 
or  blue  spot  with  diffuse  edges  Is  formed;  in  the  absence  of  rare  earth  elements 
as  a  result  of  washing  out  of  the  reagent  —  a  white  spot  is  formed. 

The  limiting  dilution. is  1;30,000. 

The  limit  of  identification  Is  0.03 pg  of  a  rare  earth  element  (in  a  0.001  mi 
microdrop  at  a  dilution  of  30,000). 

It  must  be  emphasized  that  In  carrying  out  the  reaction  by  a  drop  technique, 
the  sensitivity  is  very  strongly  dependent  on  the  method  employed.  The  sensitivity 
is  greater  the  finer  the  end  of  the  capillary  and  the  slower  the  microdrop  is 
allowed  to  form. 
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Detection  of  Rare-Earth  Elements,  in  the  Prepence  of  Other  Eiegenti 


The  direct  detection  of  rare-earth  elements  la  poaaihle  vithout  any  auxiliary 
procedures  In  the  presence  of  considerable  amounts  of  the  following  elements: 

LI,  K,  Na,  NH4^  Ag,  Ca,  Sr,  Ba,  Mg,  Zn,  Cd,  Hgl^;  Sn^*,  Pb,  V^,  Mo,  Co,  N1  and 
also  In  the  presence  of  all  anions  which  do  not  mask  the  rare  earth  elements 
(Cl*,  Br*,  r  ,  CIO4,  SO4®",  8203^“,  NOs*).  Phosphates,  pyrophosphates,  fluorides 
and  tungstaths.  mask  the  rare-earth  elements  and  the  reaction  Is  not  possible  when 
these  are  present. 

By  adopting  special  masking  methods,  the  rare-earth  elements  can  be  detected 
even  In  the  presence  of  certain  elements  which  themselves  give  a  color  reaction. 
Thus  the  detection  of  the  rare-earth  elements  Is  possible  In  the  presence  oft 

Al,  Cu  -  on  addition  of  sallcyUtes 
Cu  “■  **  •  •  Na2S203 

U  -  ■  •  ■  HsOa 


Detection  of  the  Rare-Earth  Elements  in  the  Presence  of  Iron 

The  color  reaction  does  not  work  In  the  presence  of  Iron  Fe^^^.  If  iron 

Is  present  In  amounts  of  only  10-15  times  that  of  the  rare  earth  elements, 

detection  Is  still  possible  after  reduction  of  FelH  to  Fe^^  by  ascorbic  add. 

But  in  this  case  the  color  formed  Is  of  a  different  shade  and  qulcxly  disappears, 

since  under  these  conditions  the  Fell  reaction  leads  to  a  break  down  of  the  reagent, 

• 

Small  amounts  of  Iron  up  to  one  milligram  can  be  conveniently  removed  by 
extraction  In  the  form  of  the  8-hydroxyquinolate.  At  the  same  time  small  amounts 
of  aluminum  are  removed.  This  separation  is  effected  as  follows, 

2-5  ml  of  the  neutral  test  solutions  are  acidified  with  4-5  drops  of  0,1 
N  HCl  and  1-2  drops  of  a  0.05^  solution  of  arsenazo  introduced.  The  mixture  Is 
shaken  with  2  ml  of  a  1^  solution  of  8-tiydroxyqulnollne  In  benzene.  Pure 
benzene  may  be  used  and  a  small  crystal  of  S-hydroxyqulnoline  added  to  it  In 
a  test  tube. 

The  extracted  Iron  colors  the  benzene  a  dirty  green  color.  If  the  color 
formed  . Is  too  Intense,  the  upper  benzene  layer  Is  removed  with  a  capillary 
fitted  with  a  rubber  bulb  and  the  extraction  repeated  with  a  fresh  portion  of 
a  benzene  solution  of  8-hydroxyqulnollne.  When  the  color  finally  developed  Is 
not  too  Intense,  the  benzene  layer  Is  removed,  fresh  benzene  Is  added^  and  6-8 
drops  of  a  25^  solution  of  urotroplne  added  to  the  test  solution,  and  the  mixture 
shaken  after  the  addition  of  each  drop.  When  1-2  drops  have  been  added  It  Is  use¬ 
ful  to  remove  the  benzene  layer  and  replace  It  with  fresh.  The  benzene  layer  is 
carefully  removed  with  a  capillary  and  the  lover  aqueous  layer  Is  washed  a  few 
times  with  pure  benzene,  the  benzene  being  removed  after  each  wash.  This  pro¬ 
cedure  is  repeated  until  the  benzene  remains  completely  colorless. 

In  the  presence  of  rare  earth  elements  the  lover  aqueous  layer  Is’  colored 
violet  but  this  changes  Instantly  to  a  rose  color  on  addition  of  sodium  phosphate. 

By  this  method  It  Is  possible  to  determine  1-2  yjLg  of  a  rare  earth  element 
In  2  ml  for  a  Fe^^^  content  of  50  and  50  pg  aluminum  In  the  original  solution. 

It  Is  more  convenient  to  remove  large  amounts  of  iron  by  extraction  with  amyl- 
acetate  [21]  and  not  with  8-Jiydroxyqulnolihe  or  the  method  using  stannic  chloride 
described  below.  The  procedure  Is  as  follows. 

The  test  solution  Is  evaporated  to  dryness  In  a  test  tube.  If  the  test  tube 
Is  heated  on  a  gas  burner.  It  should  be  shaken  to  prevent  the  contents  splutter¬ 
ing,  and  In  order  to  facilitate  removal  of  condensed  vapor  on  the  sides  of  the 
test  tube,  air  can  be  blown  Into  the  tube  by  means  of  a  bent  tube  at  Intervals, 
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The  residue  Is  dissolved  In  1-2  wl  of  HCl,^  gr^  1.  lS^1.19,  1-2  ml  aaylacetate  is  * 
addeiV  and  the  mixture  shaken  vigorously.  The  upper  yellow  layer  containing  the  ex¬ 
tracted  Iron  Is  carefully  removed  with  a  capillar/.  .If  tte  lower  acid  layer  has 
an  appreciable  yellow  color,  the  extraction  Is  repented  with  f^sh  portions  of 
amylacetate.  For  an  amount  of  Iron  100  times  more  than  the  rare  earth,  elements 
one  extraction  is  sufficient. 

The  acid  residue  Is  transferred  to  a  small  beaker  and  evaporated,  to  dryness 
on  a  water  bath.  The  residue  Is  dissolved  in  water  and  the  reaction  for  the  rare- 
earth  elements  carried  out  as  described  above,  separating.  If  necessary  the  remaining 
traces  of  Iron  and  aluminum  by  extraction  with  d-hydroxyqulnollne. 

Separation  pf  the  Rare>Earth  Elements  from  Other  Elements 

If  the  amount  of  the  interfering  elements  —  titanium,  zirconium,  thorium  — 

Is  not  too  great  In  comparison  with  the  amount  of  rare-earth  elements  present, 
the  easily  hydrolyzable  cations  of  all  these  elements-  can  be  Removed  simultaneously 
by  co-preclpltatlon  with  stannic,  add  which  precipitated  on  hydrolysis  of 
SnCLi.  This  method  Is  Included  below  In  the  description  of  the  method  of  detecting 

rare  earth  elements  In  minerals.  Iron  Is  also  precipitated  with  stannic  acid, but 
aluminum  Is  not. 

The  Col trie  Determination  of  the  Rare-^Earth  Elements 

The  reaction  described  Is  also  suitable  for  the  quantitative  colorimetric 
determination  of  the  rsre  earth  elements  In  pure  solutions  or  In  the  presence 
of  non-lnterferlng  elements.  The  scale  method  may  be  used  (standard  series  method). 
Or  the  method  of  colorimetric  titration,  since  the  color  develops  slowly. 

In  the  test  solution  the  reagent  should  of  course  be  in  excess  of  the  rare 
earth  elements.  Therefore  the  solution  to  be  determined  colorlmetrlcally  should 
have  a  red-violet  (violet  ♦  rose)  and  not  a  violet  color. 

Since  the  individual  rare  earth  elements  for  Identical  pH  values  give  sopewhat 
different  colors,  the  individual  rare  earth  elements  In  the  standard  solutions 
should  be  In  the  same  propsortlons  as  In  the  test  sample.  When.. working  with  pure 
Indlvldu*.!  elements  these  complications  do  not  apply. 

.As  an  example  ve  describe  the  determination  of  neodymium.  3  ml  of  the  test 
solution  containing  1-10  fig  .of  neodymjum  Is  Introduced  Into  a  test  tube  and  0.2 
ml  of  0.1  N  HCl  and  0.2  ml  of  a  25^  solution  of  urotroplne  added.  A  0,01^  aqueous 
solution  of  arsenazo  Is  then  added  from  a  microburette  until  the  violet  color 
which  Is  first  formed  changes  Into  a  distinct  red-violet  color.  Into  a  second 
test  tube  exactly  the  same  amount  of  arsenazo  Is  Introduced  from  the  mlcrOburette, 
(Important)  and  a  volume  of  water  slightly  less  than  tliat  of  the  test  solution, 
the  same  amount  of  HCl  and  urotorplne  respectively  also  added.  This  mixture 
is  titrated  with  a  standard  solution  of  neodymium  containing  10  y^g/nl  Nd  from 
a  microburette  until  the  color  obtained  Is  the  same  as  that  of  the  solution  In 
the  first  test  tube.  The  volumes  of  the  solutions  are  then  equalized  with  water. 

This  procedure  for  the  colorimetric  determination  of  rare  earth  elements 
Is  carried  out  more  quickly  than  the  method  recommended  In  the  literature,  accord¬ 
ing  to  which  the  rare-earth  element  Is  first  precipitated  as  a  phosphate  and  the 
phpsphorus  then  determined  colorlmecrlcally  hy  the  molybdate  method  [l). 


•  Detection .of  Rare  Earth  Elements  In  Minerals 

Since- the  greatest  difficulties  encountered  are  those  arising  from  the  presence 
of  large  amounts  of  aluminum,  it  Is  recommended  that  the  test  object  be  freed  mech¬ 
anically  as  much  as  possible  from  the  minerals  rich  In  aluminum.  This  procedure 
Is  however  not  compulsory,  since  the  confirmatory  test  with  sodium  phosphate  enaures 
freedom  from  detecting  a  rare  earth  element  where  It  does  not  occur. 

Procedure.  A  grain  of  the  mineral  from  1-10  mg  In  weight  Is  carefully  crushed 
in  an  agate  mortar,  mixed  with  sodium  carbonate,  and  pnx^ions  fused  either  on  the 


loop  of  a  platinum  vire  or  on  the  lid  of  a  platinum  crucible.  The  melt  la  dla- 
eolTcd  In  vater  acidified  with  UCl,  and  a  fev  more  drops  HCl  added  and  the  solution 
eveiporated  almost  to  dryness. 

The  residue  Is  either  diluted  with  HCl,  8p.  gr,  1,18-1.19,  or  with  water, 
according  to  whether  or  not  It  Is  proposed  to  use  aiaylacetate  for  extraction  of 
the  Iron.  If  an  extraction  Is  performed  the  residue  is  diluted  with  water  after 
almost  complete  evaporation  of  the  HCl  on  the  water  bath. 

The  amount  of  water  taken  should  be  such  that  the  concentration  of  aluminum 
Is  not  more  than  ca,  0,15  H-^/nl  of  the  element.  By  addition.  If  necessary,  of  a 
sodium  bicarbonate  solution,  the  solution  Is  made  slightly  acid  to  Congo  red 
(Incomplete  blueing  of  Congo  red  paper),  1-2  drops  of  a  60^  aqueous  solution 
of  SnCLt  ®re  then  added,  and  the  mixture  heated  to  boiling,  and  filtered  from 
the  precipitated  oeta-stannlc  acid. 

If  all  the  thorium  has  been  completely  removed,  on  addition  to  port  of  the 
filtrate  of  a  drop  of  the  arsenazo  solution  no  violet  color  should  developi  if 
thorium  la  present  the  separation  with  SnCX4  repeated  in  a  less  acid  solution, 
Vhen  small  amounts  of  the  rare  earth  elements  are  present,  the  filtrate  la  either 
neutralized  with  ammonia  or  left  weakly  acid. 

To  2  ml  of  the  filtrate  are  added  1-2  drops  of  a  0.05^  solution  of  orsenaxo 
followed  hy  8  drops  of  ammonium  salicylate^:  solution  and  1-1.5  ml  of  a  25?»  solution 
ot  urotroplne. 

If  rare-earth  elements  are  present  a  red-violet  color  developes  which  slowly 
changes  to  a  rose  color  on  addition  of  a  few  drops  of  1^  Ka2HP04*  12320.  In  the 
absence  of  rare-earth  elements  the  test  remains  a  rose  color. 

VThen  detecting  very  small  amounts  of  the  rare  earth  elements  it  is  useful 
to  split  the  solution  obtained  between  two  test  tubes  and  to  add  sodium  phosphate 
to  one  and  compare  the  color  shades  thus  obtained. 

In  the  presence  of  uranium,  blue  solutions  are  formed.  In  this  case  the  blue 
color  can  be  destroyed  by  addition  of  3202,  taking  care  not  to  add  excess. 

The  limiting  dilution  of  the  rare-earth  elements  calculated  as  oxides  in  the 
filtrate  from  (me ta '-stannic  acid  is  1:800,000.  The  limiting  ratl'» 

(rare  earth)203  t  Al^a  «  1  x  I70. 

Ibrtlclea  of  monazite  or  orthlte  which  are  practically  Invlslhle  to  the 
naked  eye  give  a  definite  reaction  for  rare-earth  elements, 

S^Tithesls  of  Arsenazo  —  o-Arsonobenzene-  <l-azo-2>  - 
1.8-dlhydrox^/naphthalene-3.6-dlsulfonlc  acid  (sodium  salt) 

2.17.  g  of  o-amlnophenylarsonlc  acid  (0.01  mol)  is  dissolved  in  1^0  ml  water 
and  5  oil  1.12,  added.  The  mixture  is  cooled  and  then  diazotlzsd  by  add¬ 

ition  of  5  ml  of  23  3aN02.  The  solution  of  the  dlazo  compound  is  filtered  off 
and  poured  into  a  cooled,  filtered,  solution  of  4.3  g  pure  chrocootropic  acid 
(free  from  H-acld)  and  4  g  anhdyrous  sodium  carbonate  in  20  ml  water.  After  stand¬ 
ing  for  2*  hours  an  excess  of  ECl,q?k.  ©n;  I.19,  is  added  and  the  dark  red-brown  pre¬ 
cipitate  filtered  off,  washed  with  5  ml  of  BCl,q?.  gr^l.l^  and  recrystalllxed  from 
a  small  volume  of  water.  It  is  air  dried.  Yield  of  recrystalllxed  product  is 
ca.  4  g  of  a  dark  red  powder. 


4  •  *  . 

»  10  g  sallcylld  acid  is  shaken  up  with  50  ml  of  water  and  carefully  neutralixed 

with  ammonia  and  the  solution  made,  up  to  100  ml  with  water* 
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I  Tbe  o-rylr  5^^  r/ifersonlc  acid  necessaiV  for  the  above  synthed-la  Is  obtained 

wy  re'^uctlor.  r»:’  •.  v'oohenyXarsonlc  acid  by  FeSd4  (or  better  FeCla)**^  NaOH  (4), 

o-Nltropben>lorsc.'  .  -fid  Is  prepared  by  Barth*  a  reaction  from  dlazotlzed  o-toltran- 

I  nine  and  ar^aJ  Inc  urconlte  solution  [10]. 

j  SUMMARY 

Te  reagent  nrsenazo  (o-arsonobenzene- <Cl-azo-2>  -1^8-dlhydroxynaphthalene- 
5^6— llsul'calc  «2ld  (Na-salt)  dissolves  In  vater  giving  a  rose  colored  solution., 
With  rare  earth  elements  In  neutral  solution  arsenazo  forms  red-vlolet  colors 
vhlch  enable  these  elements  to  be  detected  at  dilutions  dovn  to  1  3^000,000. 

The  deirctlon  of  the  rare  earth  elements  In  their  pure  solutions  Is. described 
together  with  methods  for  eliminating  Interference  from  Iron  and  other  elements 
which  react  with  arsenazo. 

A  method  Is  described  for  detecting  the  rare  earth  elements  In  minerals, 

•In  vhlch  part  of  the  Interfering  elements  are  separated  by  coprecipitation  with 
precipitated  meta  stannic  acid  formed  by  the  hydrolysis  of  SnCl4,  while  any  inter-- 
ferlng  elements  remaining  In  solution  are  masked  by  means  of  ammonium  salicylate, 

^  The  synthesis  of  the  reagent  Is  described. 
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EETECTIOH  OF  CERTAIN  RARE  EAOTH  ELEMENTS  WHEN  RESENT  TOCasTHER 
L.M.Kulberg  and  M.N.Ambrozhy 
Saratov  State  University 

The  close  similarity  between  the  chemical  properties  of  the  rare-earth  elements 
Is  known  to  be  a  result  of  the  Identical  structure  of  the  two  outer  electron  shells. 
An  atom  of  one  of  the  rare-earth  elements  differs  from  an  atom  of  another  only  In  the 
number  of  electrons  In  the  Uf  level.  As  a  result  up  to  the  present  characteristic 
reactions  for  the  detection  of  the  Ions  of  Individual  rare-earth  elements  have 
been  practically  unknown.  More  or  less  specific  reactions  have  only  been  described 
for  Ions  of  cerium,  lanthanum  and  europium  (l].  In  this  connection  therefore  a  search 
for  chemical  methods  for  the. detection  of  individual  rare-earth  elements  In  the  pres» 
ence  of  others  is  extremely  desirable  and  of  very  great  practical  Importance.  The 
considerable  experience  which  has  been  accumulated  on  this  question-  ulthou^  not 
yielding  any  positive  results,  has  led  to  the  conclusion  that  the  normal  methods 
of  qualitative  analysis  cannot  be  effective  In  the  analytical  chemistry  of  the 
rare  earth  elements. 

The  method  proposed  by  us  consists  In  converting  the  test  compounds  of  the 
rare-earth  elements  into  oxides  and  studying  the  Interactions  of  these  oxides  with 
solutions  of  specially  selected  reagents.  This  leads  to  a  considerable  Increase 
In  the  specificity,  since  the  properties  of  the  Ions  of  the  rare-earth  elements 
are  usually  more  like  each  other  than  the  properties  of  their  compounds  of  the 
same  type  (e.g.  compare  the  ions  of  Kd®"*'  and  La^'*’  and  the  oxides  Nd2Q3  and  La203; 
the  oxides  differ  essentially  from  each  other  In  their  basicity).  In  addition 
the  possibility  arises  of  using,  for  analytical  purposes,  compounds  contain¬ 
ing  the  raro-earth  elements  In  valency  states  vhlch  in  practice  do  not  exist  In 
solution  (e.g.  the  higher  oxides  of  praseodymium). 

Detection  of  Lanthanttm  In  the  Presence  of  Other  Rare  Earth 
Elements  and  Other  Elements  Similar  To  It 

On  calcining,  the  Carbonates,  oxalates,  and  nitrates  of  other  rare-earth 
elements  and  also  of  yttrium  and  thorium  form  oxides  vlth  veak  acid  properties  and 
the  two  elements  nearest  to  lanthanum  —  cerium  and  praseodymium  ~  bel^ve  ‘similarly, 
lanthanum  Is  the  only  element  which  forms  a  strongly  basic  oxide,  La203.  Exper¬ 
iment  shovs  that  Indicators  vlth  a  transition  interval  in  the  pH  range  6.U-10, 
change  their  colors  sharply  In  the  presence  of  LasOsj  but  remain  practically  un¬ 
changed  In  the  presence  of  the  oxides  of  other  rare-earth  elements.  The  most  suit¬ 
able  Indicator  Is  phenolsulfophthaieifl*v  (phenol-red)  vlth  a  transition  pH  Interval 
at  6.4-9.  The  yellov  color  of  the  Indicator  changes  to  a  bright  red  In  the  presence 
of  La203.  This  indicator  enables  0.1  g  of  La  (III)  (after  evaporation  of  0,1  cl 
of  a  solution  of  lanthanum  nitrate  vlth  subsequent  calcining)  to  be  detected  at  a 
limiting  dilution  of  L;  1^900 ,'QOOr  •  This  method  under  the  experimental  conditions 
used  Is  strictly  specific  and  enables  lanthanum  to  be  detected  In  the  presence  of 
cerium,  praseodymium,  neodymium,  thorium,  scandium  and  yttrium  for  a  ratio  of  La:Me 
of  1:10,000  vhere  Me  Is  Ce,  Pr,  Nd.  In  the  detection  of  small  amounts  of  lanthanum 
In  the  presence  of  excess  neodymium  It  Is  necessary  to 'remember  that  neodymium 
oxide,'  after’ ■  a  period  of* 1-2  minutes.  Colors  the  reaction  solution 
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an  orange-rose  .color.  In  this  case,  therefore,  1-3  drops  of  acetone  are 
added.  If  only  5.01^  of  lanthanum  Is  present  the  color  •  peralata.  In  the 
absence  of  lanthanum  (or  vhen  the  amount  of  lanthanum  la  less  than  0.01^)  the 
color  changes  to  the  Initial  yellow.  The  role  of  acetone  consists  in  lowering 
the  sensitivity  of  the  reagent  to  hydroxyl  ions  (4],  Only  strong  bases  such  at  mag¬ 
nesium  oxide  and  calcium  oxide  Interfere  with  the  reaction. 

Procedure 

Preparation  of  Reagent.  10  mg  of  phenol  red  is  dissolved  In  2  ml  warm  a 1- 
cohol  and  8  ml  water  added.  The  solution. is  stable. 

The  reaction.  A  few  milligrams  of  the  test  sample  or  mixture  of  rare-earth 
salts  (nitrates,  oxalates,  carbonates,  double -ammonium  nitrate  salts,  oxides,  etc^ 
are  placed  on  a  platinum  spoon  or  microbeaker  and  calcined  In  the  flame  of  a  gas 
burner  for  1-2  minutes  at  a  temperature  of  ca.  800*  (when  testing  a  solution  It 
is  preliminarily  carefully  evaporated).  After  cooling,  the  oxides  which  remain  are 
transferred  to  one  oi  the  depressions  on  a  porcelain  drop  test  p^ate  (for  small 
amounts  of  test  sample  the  reaction  can  be  carried  out  directly  in  the  vessel  in 
which  calcining  is  carried  out)  and  a  drop  of  the  reagent  added  and  mixed  with  a 
glass  rod.  If  lanthanum  is  present,  the  yellow  color  of  the  reagent  immediately 
turns  red  or  rose.  In  doubtful  cases  2-3  drops  of  acetone  are  added  and  mixed  in. 

If  no  lanthanum  is  present  the  solution  becomes  yellow  again.  If  a  large  amount’ 
of  praseodymium  is  present  it  is  convenient  to  make  observation  by  means  of  a  mag¬ 
nifying  glass. 

Detection  of  Cerium  in  the  Presence  of  Other,  Rare  Earth 
Elements  and  of  Thorium  Oxide 

The  reaction  which  we  propose  for  cerium  is  based  on  the  oxidation  of  phenyl- 
anthranilic  acid,  which  is  used  in  cerlmetry  as  an  oxidation-reduction  indicator 
[5J,  by  cerium  dioxide.  According  to  our  observations  it  is  possible  to  detect 
0.001  |ig  of  Ce  (IV)  at  a  limiting  dilution  of  1:1,000,000  by  the  appearance  of 
a* violet  color.  Since  calcined  cerium  dioxide  reacts  sufficiently  rapidly  with  the 
reagent,  it  seems  to  be  a  very  suitable  method  for  detecting  traces  of  cerium. 

This  reaction  enables  0.001^  CeOg  to  be  detected  in  ’thorium  oxide  and  also  in 
the  oxides  of  neodymium,  lanthanum,  and  in  other  rare  earth  elements.  The 
detection  of  cerium  in  the  presence  of  praseodymium  presents  some  difficulties  since 
salts  of  praseodymium  decompose  on  calcining,  forming  higher  oxides,  chiefly  PrOe. 

The  latter  is  a  strong  oxidizing,  agent  like  CeOz  but  thou^  it  does  not  oxidize  phe- 
nylanthranlllc  acid  as  rapidly  as  CeOz  it  still  interferes  with  the  detection  of 
cerium.  'This  Interference  on  the  part  of  PrOz  can  be  easily  eliminated,  if  before 
the  test  the  mixture  of  oxides  is  heated  slightly  with  dilute  sufurlc  acid  when 
the  PrOa  forms  Prg (804)3  while  Ce02  remains  unchanged;  in  this  way  0.001^  of  cerium 
can  be  detected  in  praseodymium  preparations. 

This  reaction  for  Ce  is  characterized  not  only  by  a  considerable  sensitivity 
but  also  by  its  high  specificity.  Only  strong  oxidizing  agents  which  are  capable 
of  oxidizing  phenylanthranllic  acdd  in  a  sulfuric  acid  medium  interfere  with  the  reac 
tlon; 

Procedure 

Preparation  of  reagent.  6  mg  of  phenylanthranllic  acid  is  dissolved  in  10  ml 
of  a  0.1^  solution  of  sodium  carbonate. 

The  reaction.  Thorium  oxide  and  the  oxides  of  this  rare  earth  elements 
(with  the  exception  of  preparations containing  praseodymium)  are  tested- directly. 
Carbonates,  oxalates,  nltratep,  double  ammonium  and  loagnesium  nitrate  salts  are 
tested  after  preliminary  calcining  in  a  platinum  spoon  or  in  a  micro  beaker  in 
the  flame  of  a  gas  burner  for  1-2  minutes  at  ca.  800*.  On  cooling,  a  few  grains 
of  the  oxides  formed  (for  testing  a  fraction  of  a  milligram  is  enough)  are  placed 
in  one  of  the  depressions  on  a  drop  test  plate,  where  4  drops  of  H2SO4  (^  «  1.84) 
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and  a  drop  of  phenylanthranillc  acid  solution  have  been  placed  beforehand.'  Immed¬ 
iately  after  raijclng  or  1-2  minutes  afterwards,  a  violet  color  develops.  If  pras¬ 
eodymium  Is  present,*  1-2  drops  of  H2SO4  are  added  to  the  almost  cooled,  calcined 
oxides  on  the  platinum  spoon  (on  which  calcining  Is  carried  out)  and  the  mlxtun 
slightly  warmed.  The  reaction  between  PrOa  and  H2SO4  Is  very  rapid  and  Its  com¬ 
pletion  Is  established  by  the  disappearance  of  the  original  blacH  or  dark  color, 
of  the  oxides.  After  this  treatment  the  contents  of  the  spoon  are  transferred 
to  one  of  the  depressions  on  the  drop  test  plate  and  the  procedure  described  above 
subsequently  followed. 

Detection  of  Neodymium  In  the  Presence  of  Praseodymium  and  Derlum 

When  the  nitrates,  oxalates  and  carbonates  of  cerium,  praseodymium  and  neo- 
dymlta  .  are  calcined,  Ce02i  Pr02  and  Nd203  respectively  are  formed  of  which 
only  Nd203  possesses  any  appreciable. basic  propeirtles.  This  can  8ex*ve  as  a  basie 
for  developing  a  method  of  detecting  neodymium. In  the  presence  of  praseodymium 
and  cerium  by  means  of  the  equilibrium  solution  formed  by  the  Interaction  of  dl- 
cEthylglyoxlme  with  a  nickel  sdlt  In  a  neutral  medium. 


H3C  —  NOH  /H3C — 

2.  I  +  H1*^+2520^( 

H3C  —  C  **  NOH  ^HaC — 

Felgl  [6]  shoved  that  this  solution  Is  an  unusually  sensitive  reagent  for 
compounds  possessing  basic  properties;  In  the  presence  of  basic  comxxDunds  a  red 
precipitate  of  nickel  dime thy Iglyoxlme  is  formed  as  a  result  of  the  neutraliz¬ 
ation  or  adsorption  of  the  hydroxonlum  Ions  and  subsequent  displacement  of  the 
equilibrium  to  the  right.  The  low  solubility  of  the  substance  with  basic  prop¬ 
erties  does  not  hinder  the  course  of  the  reaction.  Neodymium  oxide  reacts  im¬ 
mediately  on  contact  with  the  equilibrium  solution  with  the  formation  of  nickel 
dime  thy  Iglyoxlme.  Praseodymium  dioxide  reacts  with  the  equilibrium  solutions 
very  slowly  and  it  Is  only  after  7-10  minutes  that  the  first  signs  of  a  reaction 
begin:  to  appear.  Since  the  praseodymlvm  compound  at  our  disposal  contains 
traces  of  neodymium  (spectrographlc  analysis)  we  could  not  decide  conclusively 
whether  the  slow  appearance  of  the  -ffect  of  the  reaction  Is  the  result  of  the 
presence  of  these  traces  of  neodymium  or  whether  in  fact  there  Is  a  slow  reac- 
.tlon  between  Pr02  and  the  equilibrium  solution.  Ce02  does  not  react  with  the 
equilibrium  solution  even  on  standing  for  many  hours. 

TABIE  1 


Time  necessary  for  the  appearance  of  a  color  on  the  Interaction 
of  the  reagent  with  praseodymium  dioxide  containing  traces  of 
neodymium  oxide 


Content  of  nedoymlum  in  the 
praseodymium  compound  In 
percent 

Time  for  color  to  appear 

In  minutes 

10-3 

a  few  seconds 

1 

0.5 

0.1 

2 

0.01 

3 

Control  (praseodymium  con- 

7 

talnlng  traces  of 
neodymium) 

(more  clearly  15) 

The  sensitivity  of  this  reaction. Is  very  hlgh-«ven  a  grain  of  Nd203  practice 
ally  Invisible  to  the  naked  eye  gives  an  Immediate  positive  reaction.  It  Is 
possible  to  detect  0.01^  neodymium  In  preparations  of  cerium  or  praseodymium  by 
this  method.  The  rate  at  which  the  red  nickel  dlmethylglyoxlme  appears,  up  to 
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a  certain  extent  characterizes  the  quantity  of  neodymium  In  praseodymium  prepara- 
tldna  (Table  i). 

It  Is  obvious  that  the  reaction  Just  described  is  reliable  only  in  the  absence 
of  materials  of  a  basic  character.  Lanthanum  oxide  and  the  oxides  of  the  rare 
earth  elements  up  to  EraOa  interfere. 

The  succesful  use  of  this  reaction  depends  on  scrupulous  accuracy  since  even 
traces  of  compounds  of  a  basic  character  give  rise  to  a  positive  reaction. 

Procedure 

Preparation  of  reagent.  10  ml  of  a  solution  of  nickel  nitrate  is  mixed 
vlth  20  ml  of  a  1^  alcoholic  solution  of  dlmethylglyoxlme,  heated  for  5  minutes 
on  a  vater  bath  and  filtered.  In  veil  covered  flasks  of  inert  glass  the  reagent 
keeps  for  1-2  veeks.  If  a  precipitate  forms  during  storage  it  should  be  filtered 
off. 

Reaction.  The  reaction  is  carried  out  in  special  micro  tubes  made  from 
Inert^glaTs^or  pyrex)  and  fitted  with  a  ground  glass  stopper,  (see  diagram). 
Before  test  the  tube  is  vashed  out  vith  sulfuric  acid  then  carefully  vith  distill¬ 
ed  /ater  and  rinsed  vith  neutral  alcohol  and  dried*  A  fev  milligrams  of  the  test 
sample  (oxalate,  nitrate,  carbonate,  double  ammonium  nitrate  salt  but  not  the 
double  magnesium  salt  vlth  nitrate)  are  placed  on  a  platinum  spoon  or  nlcrobeaker 
and  mixed  vlth  a  micro-drop  of  a  0,01^  solution  of  chromium  nitrate  (traces  of 
chromium  according  to  Ryabchikov  and  Terentev  (7]  help  the  complete  conversion 
of  praseodymium  to  the  higher  oxides).  The  test  sample  is  at  first  carefully  and 
then  more  strongly  heated  in  the  flame  of  a  gas  burner  vlth  a  blovpipe  or  Jet 
(ca,  800*  but  not  more  than  900*).  After  cooling  the  oxides  obtained  are  trans¬ 
ferred  by  means  of  a  micro  funnel  into  the  micro  test  tube  to  vhich  5-5  drops 
of  reagent  are  added  by  means  of  a  capillary.  The  ground  glass  stopper  is  in¬ 
serted  and  obseirvatlon  made  of  any  changes  vhich  occur,  the  tube  being  period¬ 
ically  shaken.  Observations  are  made  vith  a  magnifying  glass  vith  a  magnificat¬ 
ion  of  5-10*  The  appearance  of  rose  crystals  after  an  interval  of  not  more  than 
5  minutes,  directly  on  the  surface  of  the  solid  phase  and  also  flpating  on  the 
liquid  indicates  the  presence  of  neodymium  in  the  test  sample  of  praseodymium 
-  or  cerium  (vhen  other  compounds  of  a  basic  character  are  knov  to  be  absent). 

When  preparations  of  cerium  or  pras- 
eodymlum' thoroughly  purified  from  foreign 
materials  are  tested,  as  a  rule  one  need 
not  be  apprehensive  of  mistakes  connected 

- ^ - -  vith  the  presence  of  the  substances  In- 

•  /-  4.  -I  4  dicated  (l.e.  compounds  of  a  basic  char- 

4/p  actual  size  acter). 


and  Other  Rare 


The  black  product  formed  on  calcining  the  nitrate  or  oxalate  of  praseodymium 
[8]  according  to  some  results  corresponds  to  the  empirical  formula  PToOh,  vhile 
according  to  others  (9]  it  corresjxjnds  to  Pr02,  In  contrast  to  CeOg,  this  black 
product  is  fairly  soluble  in  acids  forming  the  respective  salts  of  trivalent 
praseodymium.  The  nitrate  and  oxalate  of  neodymium  on  calcining  in  air  form  the 
normal  oxide  NdgOa.  The  existence  of  the  higher  oxide  of  neodymium  !ld02  vhich 
apparently  is  formed  on  calcining  of  the  oxalate  in  an  oxygen  atmosphere  1j  doubt* 

m  [9]. 

The  oxidation-reduction  potential  of  the  system: 

Pr(III)  -e  :?=tpr(IV) 
is  greater  than  1.6  V  [10). 


Thus  It  seems  possible  [ll]  that  an  oxlcltetlon-reduction  reaction  can  be  used 
for  detecting  praseodymium  (after  conversion  of  the  higher  oxides)  in  the  presence 
of  neodymium. 

Of  a  number  of  oraganic  compounds  vhich  ve  bare  tested  the-  most  suitable  as 
reagents  for  ?r(IY)  vere  bensidcne  and  particularly  .o^tolldine,  yhich  on  oxidation 
form  blue  compounds  [12]. 

If  on  acetic  acid  solution  of  o-Wlidine  is  allowed,  to  act  on  the  higher  ox¬ 
ides  of  praseodymium  formed  by  calcining  .the  oxalate,  nitrate,  or  carbonate,  an 
intense  light  blue  or  dark  blue  color  is  imaediately  formed,  vhich  is  the  result  of 
the  format.lon  of  tolidine  blue.  The  limit  of  identification  is  0.0  )i.g  of  Pr  at 
a  limiting  dilution  of  1: 10,000,000. 

A  epectrographlcally  pure  preparation  of  magnesium  neodymium  nitrate  gives 
a  scarcely  observable  color  (less  intense  than  that  for  0.01  yug  of  Pr),  Neo¬ 
dymium  preparations  containing  praseodymium  give  Intense  positive  reactions. 

Thus  it  is  possible  to  detect  in  an  aliquot  of  magnesium  neodymium  nitrate  con¬ 
taining  5  ag  neodymium  as  little  as  0.04  ug  of  praseodymium,  corresponding  to  a 
ratio  of  Nd:Pr  =  1:12,500. 

Calcined  CeOa  when  reacted  with  a  solution  of  o-tolidlne  in  acetic  acid  gives 
only  a‘  pale  blue  color,  vhlle  the  color  of  the  solution  above  the  precipitate 
remains  practically  unchanged  (acquires  a  pale-greenish  color).  This  fact, 
coupled  with  the  insolubility  of  CeO^  in  acetic  acid,  enables  traces  of  praseody¬ 
mium  to  be  detected  in  the  presence  of  cerium.  Thus  the  spectro graphically  pure 
preparation  of  magnesium  cerium  nitrate  at  our  disposal  shoved  a  negative  reaction 
for  praseodymium, while  that  containing  traces  of  praseodymlira  gave  a  definite  re¬ 
action. 

Ions  which  under  the  reaction  conditions  fora  higher  oxides  capable  of  dis¬ 
solving  in  acetic  acid  end  in  such  a  solution  oxidizing  the  o-tolidine,  interfere 
with  the  detection  of  praseodymium. 

Of  the  other  rare  earth  elements  only  terbium  is  capable  of  giving  a  similar 
reaction,  since  its  compounds  on  calcining  fora  Tb407,  in  vhich  terbium  is  found 
partially  in  the  quadrivalent  state.  Nevertheless  Tb^Or  in  contrast  to  Pr02  at 
elevated  temperatures  is  unstable  and  completely  decomposes  at  800*  in  a  nitro¬ 
gen  atmosphere,  being  converted  into  colorless  TbgOa  [9)»  Unfortunately  we  did 
not  have  any  terbium  compound  at  our  disposal  so  that  ve  coule  not  test  its  effect 
on  the  reaction  vhich  ve  have  suggested  for  praseodymium. 

Procedure 

Preparation  of  reagent.  0.02  -g  of  o-tolldlne  is  dj*»5olved  in  1  ml  60^^  acetic 
acid  by  slight  heating  and  2  ml  of  1  N  sodium  acetate  added.  If  any  turbidity  de¬ 
velops ’a  few  drops  of  acetone  are  added  to  clarify  the  solution.  The  reagent  la 
stable  and  should  not  acquire  a  blue  color  on  storing  in  a  stoppered  dark  flask. 

The  reaction.  The  reaction  can  be  carried  out  with  either  the  dry  test  mixture 
—  oxalates,  nitrates,  carbonates,,  the  double  ammonium  and  magnesium  salts,  or  with  • 
their  solutions.  A  few  milligrams  of  the  dry  mixture  or  a  corresponding  number  of 
drops  of  the  test  solution  are  placed  in  a  platinum  spoon  or  nlcrobeaker  and  at 
first  carefully  heated^  then  in  the  course  of  0.5~1  minute  the  mixture  is  calcined 
at  a  red  heat  in  the  flame  of  a  gas  burner  j:emperature  of  800*  but  not  more  900*)* 
After  cooling  2-5  drops  of  reagent  solution  are  placed  on  the  spoon.  If  pras¬ 
eodymium  is  present  then  a  more  or  less  intensive  blue  or  pale  blue  color  deve-  . 
lops  both  on  the  liquid  and  solid  phase  either  immediately  or  within  a  few  seconda 
If  the  test  sample  of  cerium  or  neodymium  does  not  contain  praseodymium,  then  only 
the  solid  phase  is  colored  blue,  while  the  liquid  above  the  solid  remains  colorless 
or  has  a  hardly  observable  greenish  color.  A  blank  test  with  distilled  water  or 
with  spectrographlcally  pure  preparations  of  the  rare  earth  elements  is  essential 
only  when  a  very  pale  blue  color  is  obtained,  indicating  vanishingly  small  amounts 
of  praseodymium  in  the  test  sample.  . 


SUMMARY 

A  method  has  been  developed  for  the  detection  of  lanthanum^  ceriumi  and  prase* 
odymlum  in  the  presence  of  other  rare  earth  elements,  and  the  detection  of  neodymium 
in  the  presence  of  praseodymium  and  cerium.  Rienol  red  is  the  reai^nt  used  .to  de-I* 
tect  lanthanum,  phenylanthranlllc  acid  for  cerium,  and  equilibrium  solution  6f 
nickel  dimethylglyoxlme  for  neodymium,  and  o-tolldlne.  for  praseodymium* 
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THE  REACTION  BETWES3I  m  BISMUTH  lOH  Ajro  BENZnWCS 
O.I.Barannlkor 

Molotov  Hvamaceutical  Institute 

Benzldene^  vhlch  vaa  aynthealzed  by  N.N.Zlxmin  in  1845,  baa  been  widely  used 
during  the  last  50  years  both  In  analytical  chemlatry  and  also  for  the  syntheses 
of  dyes  [l]  and  a  nu2sber  of  other  cc»pounds. 

Felgl  [2]  by  means  of  benzldene  .detected  the  Ions  of  Cu,  R>,  Au,  Cr,  Mn,  Tl, 

Ce,  F,  CN,  CNS,  S2Ca,  SIO4,  and  Tananaev  [3]  In  addition  detected  [SlFo-j,  NO2- 
and  Cl-  ions. 

•  The  capacity  of  benzldene  to  give  with  certain  acids  very  slightly  soluble 
salts  has  been  adopted  for  the  determination  of  sulfuric  [4j,  tungstic  [5.]#  and 
phosphoric  acids  [6],  respectively. 

In  1930 f  Tugarlnov  [7],  while  studying  the  possibility  of  using  organic  reagents 
for  the  qualitative  detection  of  cations,  briefly  described  a  reaction  between  bis¬ 
muth  salts^  benzldene  and  potassium  Iodide.  The  absence  In  the  vorh  mentioned  of 
any  detailed  results  characterizing  the  compound  formed  prompted  us  to  attempt  to 
fill  this  gap. 

When  a  crystal  of  potassium  iodide  is  added  to  a  clear  and  not  very  dilute 
solution  of  a  bismuth  salt  until  the  precipitate  originally  formed  dissolves,  then 
as  a  result  of  the  formation  of  [BII4]"  Ions  the  liquid  acquires  a  bright  yellow 
color.  Greater  emoonts  of  potasslint  iodide  lead  to  tha  fonaatlon  of  [BilsJ**  Ions 
and  the  appearance  of  an  orange-yellQw  color.  On  addition  of  a  solution  of  benzldene 
hydrochloride  to  the  liquid  thus  obtained,  a  golden-yellow  or  bright  red  precipit¬ 
ate  forms  Immediately.  If  liquid  and  precipitate  are  heated  to  a  temperature  not 
exceeding  75*  the  golden-yellow  crystals  dissolve  aind  bright  red  ciystals  settle 
out  on  cooling.  Increasing  the  add  concentration  favors  the  reverse  process,  but 
In  the  presence  of  concentrated  acid  the  reaction  ceases  altogether.  Use  of  a  micro¬ 
scope  facilitates  the  detection  of  bismuth  In  small  amounts  of  liquid.  In  a  drop 
of  0.01  N  Bi(N03)3  In  the  cold,  golden-yellow  crystals,  of  Irregular,  needle-lUce 
form,  appear  after  1-3  minutes,  while  In  a  drop  of  0.004  B1(NG3)3  containing  0.0l4 
mg  of  the  B1  Ion,  crystals  can  be  observed  after  3-5  minutes. 

The  crystals  nay  have  different  forms.  During  rapid  crystallzatlon  from  a 
hot  solution,  bright  red  rhoabohedra  are  formed,  which  In  time  dissolve  and  are 
replaced  by  more  or  less  regularly  shaped  parallelleplped  and  needles  (Fig.  l; 
see  plate,  page  293)  .  Slow  crystallization  leads  to  the  formation  of  irregular 
needle-shaped  crystals  (Fig.  ^  Plate).  Under  favorable  condition  of  growth  their 
length  attains  1  cm. 

For  the  study  of  the  properties  and  composition *of  these  crystals  they  were 
prepared  as  follows:  to  a  clear,  concentrated  solution  of  bismuth  chloride  was 
added  crystalline  potassium  Iodide  until  an  orange-yellow  color  was  formed.  To 
the  clear  liquid  thus  prepared  was  added  a  solution  of  benzldene  hydrochloride 
(excess  of  the  latter  should  be  avoided).  The  liquid  and  precipitate  which  was 
formed  were  heated  on  a  water  bath  to  a  temperature  not  greater  than  75* • 
the  transition  of  the  yellow  crystals  into  the  red  is  not  fast  enough,  then  an 


additional  amount  of  potassium  iodlds'  can  be  added.  On  rapid  cooling  of  the  heated 
solution  by  means  of  cold  water,  fine  crystals  separated  out,  which,  after  removal 
from  the  liquid,  were  dried  between  sheets  of  filter  paper.  If  crystals  of  ben- 
zidene  are  detected  in  the  preparation  the  precipitate  ii  recrystallized  under  the 
same  conditions  of  temperature  in  a  small  volume  of  liquid  containing  the  [Bilsl** 
ion.  If  the  air-dried  crystals  are  allowed  to  stand  for  a  long  time  in  the  open 
in  bright  sunlight  there  occurs  a  gradual  change  in  the  color  to  a  chocolate  brown. 
This  same  brown  color  also  develops  with  time  if  the  crystals  are  exposed  to  the 
ultraviolet  from  a  quart*  lamp.  l*he  color  of  the  precipitate  underneath  the  sur¬ 
face  of  the  mother  liquor  or  the  color  of  the  dry  precipitate  in  a  closed  vessel 
in  the  dark  does  not  change  in  the  course  of  many  months. 

Wo  solvent  has  been  found  for  the  precipitate.  It  is  completely  Insolubld 
la  hot  and  cold  water,  ethyl  alcohol,  chloroform,  carbon  tetrachloride  and  acetone. 

It  hydrolyzes  in  water. 

Concentrated  acids  and  alkalis  rapidly  destroy  the  red  crystals.  Hydrochloric 
acid  favors  a  change  of  the  color  of  the  crystals  to  yellow.  Concentrated  nitric 
acid  at  first  preserves  the  external  form  of  the  crystals,  but  changes  their  color 
initially'  to  black,  which  eventually  changes  to  brown.  At  the  same  time  elemental 
iodine  is  formed.  Hot  nitric  acid  causes  a  rapid  break  down  of  the  substance,  with 
simultaneous  separation  of  violet  iodine  fumes.  Concentrated  sulfuric  acid  destroys 
the  substance,,  with  the  formation  of  a  dark  powdery  mass  and  colorless  tablets  of 
benzidene  sulfate.  The  action  of  caustic  alkalis  forms  a  white  amorphous  precip¬ 
itate,  while  aqueous  ammonia  gives  a  yellow  precipitate.  Gaseous  ammonia  slowly 
changes  the  red  color  of  the  crystals  to  a  lemon-yellow. 

Elevated  temperatures  have  the  following  effects;  above  jQ*  the  crystals 
gradually  begin  to  loose  their  bright  red  color  and  acquire  a  brown  color,  which 
in  its  turn  becomes  chocolate  brown.  Intensive  decomposition  sets  in  at  2Ul*. 
Crystals  dried  at  150-190*  on  slow  cooling  absorb  moisture  from  the  air  and 
regain  their  original  red  color.  This  type  of  change  can  be  repeated  several  times 
on  one  lot  of  crystals.  On  moistening  freshly  dried  crystals  by  breathing  on  then^ 
it  is  possible  to  observe  the  restoration  of  the  original  bright  red  color  In 
the  course  of  a  few  minutes.  •  • 

The  air  dried  powder  was  analyzed  to  determine  -its  composition.  Iodine  was 
determined  as  follows:  0.15H5.25  g  was  treated  in  an  excess  of  standard  AgNOa, 
and  1  ml  of  indicator  -  a  nitric  acid  solution  of  ferric  sulfate  added  at  the  same 
time.  The  red  crystals  were  immediately  destroyed,  with  the  formation  of  silver 
iodide.  The  liquid  and  precipitate  were  left  to  stand  uptll  all  the  dark  part¬ 
icles  disappeared.  To  accelerate  the  reaction,  the  particles  were  broken  ui^ 
with  a  glass  rod.  After  20-40  minutes,  twice  its  volume  of  water  was  added  to 
the  liquid  and  precipitate,  and  the  excess  silver  back  titrated  with  ammonium 
thiocyanate.  The  equivalence  point  was  determined  not  only  by  the  indicator, 
but  also  by  the  appearance  of  a  grey  color  in  the  precipitate. 

Bismuth  was  determined  as  the  oxide.  0,2-0. 3  g  of  the  compound  was  treated 
with  excess  concentrated  nitric  acid  and  heated  slightly.  After  removal  of  the 
iodine  as  vapor  the  week  nitric  acid  solution  was  diluted  with  water,  and,  after 
addition  of  amaonxum  carbonate,  the  bismuth  in  the  precipitate  was  determined 
gravlmetrlcally.  Water  was  determined  by  taking  0.3  g  of  the  air-dried  material 
in  a  beaker  and  keeping  it  in  a  drying  oven  at  a  temperature  of  15<>^155*«  When 
drying  was  finished,  the  beaker  was  Immediately  closed  with  a  ground  glass  stop¬ 
per  and  cooled  in  a  desiccator  over  P2O5,  Under  these  conditions  the  dry  chocolate- 
brown  precipitate  changed  its  color  only  very  slightly,  as  a  result  of  absorp¬ 
tion  of  moisture  during  weighing.  Benzidene  was  determined  by  difference. 

The  results  are  given  In  the  table. 
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Found  in^eeporate  deternlnaxlona 


Iodine  59.^2  59-57  59-59  59-55 

Bismuth  19-63  19-72  19-59  19-64 

Vater  5-49  5-47  5-51  5-49 

Benzidene  -  —  17-54 

(hy  difference) 

The  analytical  results  lead  ta  tbe  follovlng  formula  for  the  red  crystals i 
H2N*CoH4‘CoH4*H^-H2[Bll5) ‘aHsp. 

Thus,  .  the  conii>ouxid  .Is  a  benzidene  salt  of  pentalodobl  smut  hie  acid  with 
tvo  molecules  of  vater  of  crystallization. 
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rEIERMINATION  OF  MINIMAL  QUANTITIES  OF  ARSENIC  IN  ORGANIC 

•  I  «  •J  .1.  i.  X  It  .  /  .  .  .  t 

COMPOUNDS  BY  MEANS  OF  BIVALENT  CHROMIUM  SOLUTION 
•  P.P.Shatko 


Dnepropetrovsk  Medicinal  Institute 

Having  considered  the  complexity  and  avakvardness  of  the  methods  recommended 
for  the  determination  of  arsenic  In  organic  compounds  [1,2]  we  decided  to  determine 
arsenic  by  means  of  a  solution  of  bivalent  chromium.  The  presence  of  antimony 
and  other  contaminants  should  not  affect  the  accuracy  of  the  determination. 

As  our  experiments  have  shown,  antimony  Ions  ore  reduced  by  bivalent  chromium 
in  a  neutral  medium,  while  arsenic  (V)  is  reduced  In  acid  media.  In  acid  media 
arsenic  Is  reduced  by  bivalent  chromium  to  metallic  arsenic,  which  is  filtered 
off  end  determined  lodoiK:trlcolly.  The  reaction  proceeds  according  to  the  fol¬ 
lowing  equations. 

1.  As^"^  +  — >A8®  +  5Cr®\ 

2.  2As'  ♦  5I2  +  QRsO  2As0j*  +  Id*  +  16H'*' 

^  4 

(HaHCOa)  ECO3  ♦  HOfl  ^  H2C03  +  OH*  ^ 

NaHC03  Is  added  to  prevent  reduction  of  arsenic  acid  to  arsenous  acid  by  the 
action  of  Iodine  Ions. 

The  arsenic  content  Is  calcxilated  from  the  following  formula: 


As  s 


Nj(Vi  - 

1000-5 


In  grams. 


where  Vi  is  the  total  amount  of  Iodine  In  ml;  V2  Is  the  excess  of  Iodine 
solution  In  ml;  is  gram-equiv.  of  As, 

For  the  determination  of  arsenic  in  urine,  the  latLer  Is  acidified  with  HCl 
(30^  by  vol)  and  an  excess  of  bivalent  chromium  solution  added  In  a  stream  of 
CO2.  Qulnquevalent  arsenic  Is  reduced  to  the  elemental  state  on  heating  to  100* • 


The  arsenic  which  separates  out  Is  filtered  off,  and  washed  with  5^  NH4CI 
until  a  neutral  reaction  Is  obtained.  The  precipitate  and  filter  paper  (paper 
pulp  can  be  used  for  rapid  filtration  Instead  of  filter  paper)  are  transferred 
to  a  flask  fitted  with  a  ground  glass  stopper,  and  10-15  ml  of  a  2^  solution  of 
NaHC03  plus  a  known  volume  of  standard  Iodine  solution  added.  The  excess  Iodine  is 
back>*tltrated<:.  after  5*10  minute  against  sodium  arsenlte  or  sodium  thiosulfate. 


•  Results  of  determinations  are  given  In  Table  1. 
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table: 


As  taken.  In  g  ! 

As  found.  In  g 

[  As  taken.  In  g 

As  found,  In  g 

0.002 

0.002 

0.0006 

0.0006 

0.002 

0.002 

0.0006 

0.0006 

0.0068 

0.0068 

0.0006 

0.0006 

0.0036 

0.0036 

0.0006 

0.0006 

0.0036 

0.0036 

0.0006 

0.0006 

0.0068 

0.0068 

0.0006 

0.0006 

These  results  on  the  determination  of  arsenic  Introduced  Into  urine  as 
sodium  arsenite  show  that  arsenic  (V)  can  be  determined  in  amounts  o^0.5  mg/llter 
In  organic  compounds  (neosalvarsan)  arsenic  Is  determined  as  follows. 

An  aliquot  of  the  organic  compound  (neosalvarsan}  Is  decomposed  with  con¬ 
centrated  nitric  acid  (sjxgnl.U)  in  the  presence  of  2^  KMn04  (the  decomposition 
Is  repeated).  On  cooling,  a  concentrated  solution  of  sulfuric  acid  is  added, 
and  the  solution  heated  till  the  appearance  of  white  fumes.  When  this  solution 
Is  cold,  water  is  added  and  then  ECl  (30^  by  volume  of  the  solution).  An  excess 
of  a  solution  of  bivalent  chromium  Is  added  In  a  stream  of  CO2  and  the  whole  heated 
to  100*.  The  metallic  arsenic  is  then  treated  as  described  above.  Results  are  • 
given  in  Table  2. 


For  the  determination  of  arsenic  in  urine, 
the-  daily  (2**  hour)  urine  of  a  patient  Is  con¬ 
centrated  to  a  volume  of  100-200  ml,  and  Is 
treated  with  E.’Oa  (sp,  g“.1.4)  In  the  presence 
of  2^  KMn04  (10  ml). 

Tne  solution  Is  evaporated  to  a  vol¬ 
ume  of  80  ml  and  subjected  to  oxidation  until 
it  stops  frothing. 

The  nitrates  are  converted  into  sulfates. 
Arsenic  is  then  determined  In  the'  light  yellow,  • 
clear  solution  as  described  above. 


TABLE  2 


As  takerv  in 
g 

As  found.  In 
g 

0.0038 

0.0037 

0.0038 

0.0037 

0.0019 

0.0019 

0.0019  ■ 

0.0019 

•  0.0019 

0.0018 

0.0019*  . 

0.0020 

0.0019 

•0.0018 

■'/ 


Arsenic  in  amounts  of  O.5  mg/liter  can  be  determined. 

This  method  of  determining  arsenic  (in  urine)  which  has  been  developed 


for  clinical  laboratories  can  also  be  used  in  forensic  laboratories. 


The  Cr^'*’  solution  used  can  be  prepared  by  the  author’s  electrolytic  method 
or  by  Popov's  method  [5]. 


SU!-!MARX 

A  rapid  and  accurate  method  has  been  developed  for  the  determination  of 
arsenic  in  organic  ccmrounds  (in  urine  and  neosalvarsan)  based  on  the  reduction 
of  arsenic  to  the  elemental  stage  by  a  solution  of  bivalent  chromium. 

Received  January  25,  1952 
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A  METHOD  FOR  THE  DETERMINATION  OF  SMALL  AMOUNTS  OF  COPPER 


E.M.Sklblna 


Kharkov  State  Pharmaceutical  Institute 


Phenylsemlcarhazlde,  C6H5-NH-NHK:0-NH2,  reacts  with  copper  salts  to  form 
yellow  or  red  colors  according  to  the  amount  of  copper.  The  color  obtained 
changes  instantaneously  to  a  golden  yellow  on  the  addition  of  an  ammonia  solution. 
The  formation  of  this  yellow  color  is  a  highly  sensitive  reaction  and  has  been 
used  by  us  for  the  colorimetric  determination  of  copper  as  described  below. 

Colorimetric  comparison  is  made  by  means  of  standard  solutions  with  a  con¬ 
stant  relative  difference  between  the  concentrations  of  adjacent  solutions  in 
test  tubes  of  thin  colorless  glass.  The  diameter  of  the  test  tube  is  0.9  cm,  the 
height  of  the  solution  in  the  test  tube  7  cm  and  the  volume  5 


Characteristics  of  the  New  ifethod  For  The  Colcrimetric 
Determination  of  Copper 


Ihepylsemlcarbazide  is  mentioned  in  the  literature  as  a  medicine  under  the 
patent  name  ^cryogenln**  [2] ,  while  in  other  literature  sources  the  name  *b3ryogealn* 
is  applied  to  metabenzamldosemlcarbazlde  [4,5]: 


An  aqueous  solution  containing  0.1  g  of  phenylsemlcarhazlde 
water  is  used  as  the  reagent^'. 

We  adopted  the  following  order  for  carrying  out  the  reaction: 


1) Synthesis  of  phenylsemlcarhazlde;  28.8  g  of  phenylhydroazine  hydrochloride  and 
18  g  of  urea  are  carefully  mixed  and  ground  in  a  porcelain  mortar  and  the  mixture 
placed  in  a  round  bottomed  flask.  It  is  then  heated  at  150-l60*  for  4-6  hours  on 
an  oil  hath  [6],  The  melt  after  cooling  is  ground  and  worked  up  with  5OO-35O  al 
distilled  water  heated  to  the  hoil.  The  hot  solution  is  Immediately  filtered. 

The  precipitate  which  separates  after  cooling  is  sucked  free  of  mother  liquor, 
rapidly,  and  washed  with  cold  water  after  which  it  is  recrystallized  twice  from 
alcohol.  The  final  product  is  dried  in  a  vacuum  desiccator  over  calcium  chloride. 
The  pure  compound  melts  at  171*. 


the  reagent  la  added  to  ca/U  ml  of  test  solution  and  the  volume  made  up  to  5 
To  increase  the  rate  of  the  reaction  the  test  tube  may  be  Immersed  in  boiling  water. 
The  contents  of  the  test  tube  should  be  heated  to  91-92*,  after  which  they  are 
cooled  and  a  drop  of  10^  ammonia  solution  added.  When  this  is  done  the  weak  yel¬ 
low  or  rose  color  changes  immediately  into  a  golden  yellow  color. 

The  reaction  is  fairly  specific.  The  majority  of  colorless  cations  do  not 
Interfere,  The  most  suitable  concentration  range  for  the  colorimetric  determin¬ 
ation  of  copper  is  0,025”5  MR  In  5  ®1  (Table  1). 

TABLE  1 


Cone  of  copper  In 
height  of  layer  in  test 
tube  7  cm. 

Difference  in  cone, 
between  adjacent 
solutions, in  percent 

Number  of 
standards 

Observations 

- 

— 

Gives  a  color 

From  To 

which  is  already 

0.01  0.015 

30 

2 

different  from  *  * 

0.015  0.25 

20 

3 

that  of  the  blank 

0.025  5 

10 

55 

0.17  0.5 

5 

11 

5  8 

20 

4 

8  12 

30 

4 

>12 

No  difference 

The  curve  for  the  absorption^^  of  light  is  shown  in  Fig.  1 


The  high-value  for  log  E  (^5)  in  the 
region  of  maximum  absorption  confirms  the  hlf^ 
sensitivity  of  this  reaction, 

• 

The  yellow  color  obeys  the  Buger-Beer 
law  for  certain  concentration  ranges  pf  copper 
(Fig.  2).  ■ 

The  highest  color  Intensity  develops 
when  the  neutral  or  very  weak  acid  solution 
of  copper  is  heated  with  reagent  (before 
addition  of  ammonia) . 

Large  amounts  of  other,  salts  NH4CI, 
11^41103,  NaN03,  NaCl^  Ka2S04  and  K2SO4  lower 
the  color  intensity;  their  effect  becomes  per® 
ceptible  when  their  ratio  to  copper  becomes 
10,000  aol/mol  copper.  Nitrates  have  a  small¬ 
er  effect  than  chlorides  and  sulfates. 

During  the  determination  of  very  small 
amounts  of  copper  (of  the  order  of  a  mlcrof^  '  . 
gra'h  .hncitfractloiis  of.  a  riicrdgran)*, . .  we  .1, 

earner -up'’ against  J.QBses  of  copper  as  a 


^  A  spectrophotometer  of  the  Konlg-Martens 
type  was  used.  The  apparatus  was  kindly 
lent  by  the  Kharkov  Scl.  Research  Institute 
of  Metrology  and  Standardization, 


Fig,  1  Light  absorption  curve 
for  copper  solutions  contain¬ 
ing  0.2  ng  of  copper/ml;  cell 
length  5  cm. 

1)  Measurements  made  immediately 
after  heating,  ^  measurements 
made  after  24  hours. 
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result  of  adsorption  on  the  surfaces  of  the  flasks  used.  The  following  special 
experiments  were  accordingly  carried  out;  a  copper  solution  was  placed  in  a  por» 
celaln  basin  and  evaporated  to  dryness,  the  dry  residue  was  worked  up  with  5  drops 
of  nitric  acid  and  again- evaporated  to  dryness,  then  extracted  5  times  with  1  ml 
lots  of  water;  the  extracts  were  all  collected  in  one  test  tube;  to  this  mixture 
0.6  ml  of  reagent  was  added;  the  total  volume  was  made  up  to  ^  ml  and  the  solution 
heated  and  annnonia  added.  These  experiments  showed  that  at  low  copper  concentrat«* 
ions,  the  copper  could  be  recovered  practically  completely  after  such  a  treatment. 
But  on  increasing  the  amount  of  copper  the  relative  amounts  of  copper  recovered 
decreased  (Table  2), 

By  extracting  the  copper  with  hot  water,  followed  by  prolonged  heating,  low 
results  were  obtained  (Table2), possibly  as  a  result  of  hydrolysis  of  copper  salts. 

A  threefold  extraction  with  cold  water.  In  which  the  water  was  allowed  to 
stay  In  contact  with  the  dry  residue  for  10  minutes  after  addition  of  each  lot, 
gave  satisfactory  results  at  low  concentration  and  Improved  the  results  at  hl£^ 
concentrations.  Increasing  the  duration  of  the  water  treatment  to  20  minutes 


Copper  found  in  pg 


Extraction  wibh 
cold  water  on 
standing  _ 


made  it  possible  to  determine  large  amounts  of  copper  satisfactorily  (Table'  2). 

New,  unused  porcelain  basins  even  under  the  best  conditions  do  not  completely  give 
up  their  copper.  After  repeated  d;?. terminations  in  the  same  basins  their  surfaces 
become  gradually  saturated  with  copper,  the  amounts  of  copper  determined  Increase 
and  finally  approach  the  normal  values  (Table  3^  Co  limns  1,2). 

The  method  of  cleaning  the  surfaces  of  the  beakers  before  determining  the 
copper  Is  very  Important.  By  very  vigorous  treatment,  e.g.,  immersion  in  nitric 
add  (1:4)  and  boiling,  the  surfaces  are  completely  freed  from  copper  and  start 
to  adsorb  copper  again  when  ^hey  are  used  for  subsequent  determinations,  until 
the  surface  becomes  saturated  (Table  3i  Columns  3^4,5). 

It  was  found  that  constant  results  could  be  obtained  by  the  following 
method  of  cleaning;  1-2  ml  of  concentrated  nitric  acid  is  placed  in  the  basin 
and  heated  on  the  water  bath  (2-3  minutes  until  fumes  appear),  the  acid  at  this 
stage  is  not  at  a  temperature  greater  than  60*,  the  acid  is  poured  off  and  the 
beaker  rinsed  several  times  with  water.  This  operation  is  repeated  three  times. 

The  results  of  experiments  which  characterize  the  losses  of  copper  os  the 
result  of  adsorption  are  given  in  Table  3* 

Gurevich  [8]  observed  a  similar  behavior  for  the  adsorption  of  lead  by 
the  surfaces  of  flasks. 

In  1933  Sarata  proposed  a  colorimetric  method  for  the  determination  of 
copper  by  means  of  metabenzamldosemlcarbazlde  In  the  presence  of  lead  acetate 
(3^4).  On  heating,  the  copper  solution  with  this  mixture  for  40-50  minutes  at 
40*,  a  red  color  develops  which  can  be  used  for  colorimetric  determination. 

According  to  Sarata,  0.5  to  30  ;xg  of  copper  can  be  determined  by  this  method. 


Nitrate 

Sulfate 

Acetate 

Extraction  with 

prolonged 

heating 

0.10 

0.10 

0.12 

0.05 

0.13 

0.l8 

0.19 

0.06 

0.25 

0.24 

0.37 

0.09 

.  — 

• 

Fig.  2  Curve  for  the  optical 
density  of  copper  solutions  of 
different  concentrations. 
Determinations  vere  irade  at  a 
vave  length  of  U96OA;  cell 
length  1  cm. 


In  so  for  as  phcnylsemicarbazide 
also  gives  a  similar  reaction  with  copper 
salts,  we  investigated  the  conditions  for  the 
colorimetric  determination  of  copper  by 
means  of  the  red  color;  the  latter  appears 
under  the  conditions  given  above  In  the  absence 
of  leod  acetate  as  well,  but  it  is  not  so 
intense.  The  intensity  and  shade  of  the  red 
color  is  strongly  dependent  on  the  ratio 
between  the  amount  of  copper  and  reagent. 

The  greatest  intensity  for  the  red  color  is 
observed  for  a  ratio  of  1  mol  copper  to 
12  mols  of  reagent.  With  increasing  con¬ 
centration  of  lead  acetate  the  color  inten¬ 
sity  increases  up  to  a  ratio  of  1  mol  cop¬ 
per  to  10  mols  lead  acetate.  Further  increase 
in  the  amount  of  lead  decreases  the  intensity. 

The  curves  for  the  absorption  of  light 
in  copper  solutions  containing  0.2^t4g/ml  for 
a  constant  ratio  between  the  amount  of  copper 
and  phenylsemlcarbazlde  (Imol  copper  to  12  mols 
reagent)  and  for  different  amounts  of  lead 
acetate  are  given  in  Fl^.  J. 


TABIE  3 


Copper  taken:  Copper  determined  in// g _ 

in  n  g  I  New  basins  ;  Old  basins,  cleaned 
i  ‘by  toiling  in  nitric 


acid 

1 

2  1  3 

5  __ 

0.12 

0.10 

0.10  U.IO  ‘0.10 

0.11 

0.24 

0.13 

0.18  0.13 

'0.16 

0.22 

0.43 

0.18 

0.40  0.21 

0.36 

0.44 

0.96 

0.54 

0.78  I0.52 

10.74 

- 

The  value  of  log  t'.  in  the  region  of  maximum 
absorption  indicates  the  lover  sensitivity  of  the 
given  reaction  in  comparison  with  the  reaction 
which  ve  have  proposed.  This  is  confirmed  by 
the  results  on  the  concentration  limits  of  copper 
which  are  most  suitable  for  colorimetric  deter¬ 
mination  according  to  the  red  color  (Table  4). 

The  necessity  of  observing  a  definite  ratio 
between  the  amount  of  copper  and  the  reagent  in 
order  to  get  comparable  colors  requires  a  know¬ 
ledge  of  the  approximate  content  of  copper  in 
the  test  sample.  This  is  a  big  drawback  and 
limits  the  practical  application  of  the  method. 


•Fig.  3  Light  absorption  curves 
for  different  concentrations  of 
lead  acetate*.  ])  I  mol;  2)  10  pols 
and  3)  1l4  mols. 


The  method  which  we  have  proposed  involving 
the  use  of  phenylsemlcarbazide,  and  based  on  the 
formation  of  the  golden-yellow  color  after  heat-  ‘ 

Ing  and  addition  of  ammonia,  is  free  of  these  drawbacks  and  is  twenty  times  more 
sensitive  than  Sarata's  method. 
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In  order  to  elucidate  the  nature  of  the  colored  product  fonaed,  aolutiona 
of  the  product  vere  electrolyzed. 

During  electrolysis  of  the  red  solutions  obtained  bv  heating  a  solution  of 
a  copper  salt  with  phenyl semlcarbazlde  In  the  course  of  UO  minutes  to  40*,  a 
transfer  of  the  red  color  to  the  cathode  Immersed  In  agar-agar  Is  observed,  A 
similar  transfer  of  the  red  color  to  the  agar-agar  during  the  time  of  experiment 
was  not  observed  In  a  control  test.  On  repeating  the  experiment  with  the  yellow 
solution,  penetration  of  the  yellow  color  Into  the  agar-agar  layer  was  observed 
In  the  case  when  the  electrode  Immersed  In  the  agar-agar  was  made  the  anode. 
Consequently,  the  red  color  of  the  solution  Is  determined  by  the  presence  of  red 
cations,  and  the  yellow  color  by  yellow  anions.  The  composition  of  the  yellow 
complex  was  Investigated  spectrophotometrlcally  by  Job's  method  [7I,  As  a  result 
the  curve  depicted  In  Fig.  4  was  obtained. 


TABI2  4 


Concentration  of  Difference  In 
copi>er  In  >ig/5nil  concentration 
(height  of  layer  between  adjat* 
7  cn)  cent  solutlonj 

percent 

1 

From  1  to  2  20 

2  to  22  10 

22  and  >10 

higher 


Number  of 
standards 


Observa- 

itlons 


Gi  'es  a 
color 
already 
disting¬ 
uishable 
from 
blanX 


On  the  basis  of  what  has 
been  said  ve  suggest  that  the 
structure  of  the  red  and  ooloxw 
ed  compounds  Is  analogous  to 
the  ammlne  complex  of  copper 


Cu ( HaN-C-NH-NH-CeEs  ) ^ 

li 

(1) 

Red  Cation  (neutral  media) 


i  ( H2N-C=N -NR-CeHs ) J  ^ ' 

i  (-)  1 


The  copper  In  these  complexes  can  hold  the  am  \ 

V  1  ,  ^  ^  _  \  ,  •  '  Yellow  anion  (alkaline  media) 

phenylsemlcarbazlde  by  means- of  the  (free)  pairs  '  ' 

of  electrons  of  the  NR2  group.  It  Is  well  known 

that  these  groups  determine  the  basic  properties  of  phenylsemlcarbazlde. 

Doubly  charged  cations  with  a  red  color(I)*can  be  formed  In  a  neutral  medium. 
In  an  alkaline  medium  the  stability  of  complex  (I)  Is  apjjarently  maintained,  but 
favorable  conditions  are  created  for  the  enollzatlon  of  four  carbonyl  groups.  As 
a  result  a  doubly  charged  anion  with  a  yellow  color  Is  formed  with  the  probable 
structure  (II), 

Determlngtlon  of  copper  In  blood 

Blood  was  chosen  for  testing  the  method  developed,  first  because  It  Is  one 
of  the  difficult  objects  In  analysis  and  secondly  because  the  development  of  a  '  ' 
method  capable  of  wide  application  for  the  determination  of  copper  in  blood  would 
be  very  useful  for  clinical  purposes. 

Even  the  most  sensitive  of  known  methods  requires  no  less  than  0.5-1  ml  of 
blood.  The  sensitivity  of  our  method  makes  It  possible  to  decrease  this  volume 
to  0,1  ml;  this  Is  of  considerable  significance. 

According  to  results  in  the  literature,  the  normal  content  of  copper  In  human 
blood  amounts  to  120-150  jX-g/lOO  ml.  The  amount  of  Iron  is  more  than  400  times  as 
much. 

It  was  demonstrated  that  for  concentrations  of  Iron  less  than  0,4  p^g/5ml  no 
color  Is  formed  with  phenylsemlcarbazlde.  For  amounts  of  0.5  p-g  and  over,  a  pale 
yellow  color  develops  which  Is  not  proportional  to  the  Iron  concentration, 

TThe'  following  experiment  showed  that  Iron  could  be  separated  by  means  of 
hydrolysis,  -  • 


A  solution  containing  iron  (0*1  ml 

of  blood  contains  this  amount  of  iron)  vas 
evaporated  to  dryness  in  a  porcelain  dish.  The 
dry  residue  vas  treated  with  5  drops  of  concen¬ 
trated  nitric  acid  and  evaporated  on  a  vater 
bath,  vorked  up  with  3  drops  of  vater,  and  eva¬ 
porated  again.  The  dry  residue  vas  vorked  up 
3  times  vlth  vater,  (L  ml  of  vater  each  tlme)^ 
and  the  volume  finally  made  up  to  3  iQl*  On 
addition  of  phenylsemlcarbazlde  to  the  solution 
thus  obtained,  the  liquid  remained  colorless. 

It  is  clear  therefore  that  iron  remains  prac¬ 
tically  Insoluble  under  these  conditions.  By 
sej^aratlng  0,12p-g  of  copper  and  50^-8  iron  in 
this  vay  and  subsequently  determining  the  copper 
in  the  aqueous  solution,  satisfactory  results 
vere  obtained  (Table  5). 

For  the  determination  of  copper  in  0.1  ml 
of  blood  taken  from  the  same  person' s  finger 
rig.  *4,  Light  absorption  curve  by  pricking  vlth  a  needle,  the  residue  after 

by  Job's  method.  ignition  of  the  blood  in  a  muffle  vas  vorked  up 

0.001  M  solutions  of  copper  vith  nitric  acid  and  vater  as  described  above, 

and  phenylsemlcarbazlde  vere  When  this  vas  done  the  copper  content  foimd  in 

used  in  the  experiments,  separate  determinations  vas,  0.10,  0.l8,  0.10, 

0.12,  0.15,  0.15,  0.15,  0.15,  0.15,  0.15  yi.g  of 
copper. 

These  values  for  the  copper  content  of  blood  are  in  good  agreement  vith  resul^ 
in  the  literature. 


Results  for  the  determination  of  copper  in  blood  vith  and  vithout  the  addlton  of 
a  known  velght  of 'copper  are  given  in  Table,  6.  0.1  ml  of  blood  vas  taken  for  testing. 

'  '  •  TA3tE°5 _  . _ ; _  • 


Iron  takeOj 

I’Uds/SalJ 

Copper  takeq 
in  uj?/5ml 

Copper  foun^ 
in 

Iron  takers 
in  ixg/5nll 

Copper  takeq  j 
in  \».K/5ml  1 

Copper  found 
in  vvg 

50 

— 

Colorless 

— 

0.12 

0.10 

Solutions 

50 

— 

It 

50 

0.12 

0.15  * 

50 

— 

It 

50 

0.12 

0.10 

— 

0.12 

0.12 

50 

0.12 

0.10 

0.12 

0.12 

50 

0.12 

0.10 

• 

0.12 

0.1k 

TA31E  6 

Copper  added^ 
in  Hg 

Amount  of  copper 
that  should  be 
present , in  ug 

Copper  found, 
in 

Deviation, 
in  ^g 

Recovery, 

percent 

- 

- 

0.12 

.. 

— 

— 

0.12 

0.12 

0.24 

0.24 

0 

100 

0.12 

0.24 

0.25 

+0.01 

105 

0.2U 

0.36 

0.34 

-0.02 

94 

0.48 

0.60 

0.55 

-0.05 

92 

0.U8 

0.60 

0.67 

+0.07 

112 

0.48 

0.60 

0.55 

-0.05 

92 

The  results  in  Table  6  shov  that  it  is  possible  to  determine  copper  in  blood 
by  the  method  projxjsed  vlth  an  error  of  not  more  than  10^. 

Instructions  for  the  Determination  of  Copper  in  Blood  Reagents 

a)  0.1  g  of  phenylsemlcarbazlde  in  100  ml  serves  as  the  reagent.  The  solution 
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l8  prepared  In  amounts  dally  since  the  solution  starts  to  turn  yellow  2-3  days 

after  preparation. 

b)  ^  Water.'  rpr  this  work  water  twice  distilled  from  glass  vessels’  is  used.’ 
'Pyrex"  ^'fld8k8*  cannot  be’ used,  "since  It  was  observed’ that  water  from  such  flasks  dd"- 
creases  "the 'sensitivity  of  the  reaction.  In  doubtful  cases  blank  tests  should  be  car* 
rled  out  on  the  water.. 

.  c)  .ConcentraW<f  nitric  acid.  If  a  blank  test  gives  colored  solutions  then  the 
acid  should  be  purified  by  distillation. 

d)  10^  Ammonia  solution.  If  a  blank  gives  a  color,  then  the  aqueous  ammonia 
solution  should  be  prepared  by  distillation  of  ammonia  Into  twice  distilled  water 
with  cooling. 

Apparatus,  a)  For  Ignition  of  blood  samples  porcelain  dishes  with  unscarred 
enamel  and  not  more  than  3  cm  in  diameter  should  be  used. 

It  Is  difficult  to  achieve  complete  Ignition  of  organic  compounds  In  dishes 
with  rough  surfaces.  Fyrex  dishes  and  ones  of  transparent  quartz  did  not  give 
satisfactory  results  In  our  experiments. 

The  dishes  to  be  used  should  be  tested  beforehand.  Standard  solutions  of 
copper  should  be  used,  the  concentrations  of  which  are  similar  to  those  of  the 
test  solutions,  In  order  to  ascertain  whether  or  not  copper  Is  adsorbed  by  the 
dish  surfaces.  If  the  amount  of  the  copper  found  Is  less  than  that  taken,  then  it 
is  necessary  to  evaporate  solutions  of  copper  of  similar  concentrations  to  the  test 
solutions  from  the  dishes  several  times. 

b)  Cleaning  of  the  dishes  after  analysis.  Most  of  the  dry  residue  is  removed 
with  moist  lumps  of  some  soft  material.  After  this  treatment  the  dish'  is  worked 
up  three  times  with  concentrated  nitric  acid,  the  contents  being  heated  on  the 
water  bath  for  2-3  minutes..  After  each  nitric  acid  treatment  the  dish  Is  washed 
with  water.  Dishes  used  for  copper  analysis  should  not  be  used  fbr  any  other  purpose. 

c)  The  test  tubes  In  which  the  colors  are  compared  should  be  made  of  thin, 
colorless  glass,  without  seams,  end  should  have  a  diameter  of  ca.  10  mm;  ^  mL  of  , 
liquid  should  fill  them  to  a  height  of  not  less  than  7  cm.  The  test  tubes  should 
be  stored  full  of  distilled  water.  When  necessary  the  surfaces  should  be  craned 
by  washing  with  nitric  acid. 


Preparation  of  Standard  Solutions 

500  mg  of  electrolytic  copper  Is  dissolved  In  5  nil  nitric  acid,  1:1,  and  the 
solution  thus  prepared  made  up  to  500  ml.  Such  a  solution  contains  1  mg/ml.  Two 
other  solutions  are  prepared  from  this  primary  standard,  one  containing  1  /^g/nl 
and  the  other  0.1  ^g/ml.  These  can  be  used  for  preparing  a  series  of  standards. 

A  2  ml  pipette  with  scale  divisions  of  0.01  ml  Is  used  for  measuring  out  the 
standards,  5  standards  (less  and  greater  than  0.12^^)  are  sufficient;  0.084,  0,12, 
0.17,  0.24  and  0,3^'/jLg  copper  In  5  ml* 

The  difference  In  concentration  between  two  adjacent  solutions  In  this  series 
Is  30^*  Interpolation  between  these  standards  enables  determinations  to  be  madeAWith 
an  accuracy  of  up  .to  10^.  ;  ,  .  .  .  ‘i  ^  ; 

■  1.  Blood  Sampling.  Test  samples  are  taken  from  a  finger  by  pricking  with  a 
needle.  The  blood  Is  collected  In  a  mlcroplpette  of  0.1  ml  capacity  one' drop* of ^ blood 
should  be  enbugh  for  duplicates.  The  blood  Is  transferred  from  the  pipette  to  a  dish 
containing  5  drops  of  concentrated  nitric  acid.  The  blood  Is  Immediately  carefully 
mixed  with  nitric  acid  by  a  rotary  motion  of  the  dish  until  a  uniform' mixture..  Is  Atalnsdl 
2,  Ignition,-  The  contents  of  the  dish  are  dried  on  a  water  bath,  after  which 
it  Is  placed  In  a  muffle  at  a  dark-red  heat.  Complete  Ignition  usually  takes  15-20 
minutes.  After  Ignition  there  remains  a  dark,  grainy  residue  which  becomes  red  on 
—  cooling.  A  gas  burner  cannot  be  used  for  this  Ignition.  *• .  i. 


^Extraction  of  copper  and  colorimetric  determination.  Tl»e  residue  from  Ignl*  . 
tion  is  treated  with  three  drops  of  concentrated  nitric  acid,  dried  on  a  water  bath, 
then  treated  with  three  drops  of  water  and  again  dried.  The  dish  Is  removed  from 
the  bath,  treated  with  1  ml  of  water,  and  allowed  to  stand  for  20  minute^  the  dish 
being  periodically  shaken  with  a  rotary  motion.  The  water  extraction  Is  repeated 
3  times. 

To  the  solution  poured  Into  a  test  tube  0,6  ml  of  the  phenylsemlcarbazlde 
solution  Is  added  and  the  volume  made  up  to  3  inl* 

The  test  tubes  containing  the  test  solutions  and  those  containing  the  stand* 
ards  are  Immersed  simultaneously  In  water,  and  heated  until  the  contents  have  a 
temperature  of  92*. 

After  cooling,  one  drop  of  10^  ammonia  solution  Is  added  to  each  test  tube 
and  the  contents  mixed  with  a  thin  glass  rod.  The  colors  are  then  compared.  It 
Is  possible  to  carry  out  a  series  of  analyses  simultaneously. 

The  present  research  was  done  under  the  direction  of  Prof.  V.G. Gurevich, 

SUMMARY 

A  new,  very  sensitive  colorimetric  method  Is  proposed  for  the  determination 
of  copper.  Amounts  of  copper  as  low  as  0.025^  g/ml  can  be  determined  with  a  rel¬ 
ative  error  of  not  more  than  lO^t. 

The  method  does  not  require  the  use  of  organic  solvents. 

As  an  illustration  of  Its  application  In  practice,  the  determination  of  cop¬ 
per  in  blood  may  be  quoted.  0,1^^  g  of  copper  in  0,1  ml  of  blood  can  be  determined, 

A.  method  has  been  worked  out  for  the  separation  of  copper  from  Iron. 

It  has  been  shown  experimentally  that  the  colorimetric  determination  of  cop¬ 
per  by  means  of  phenylsemicarbazlde  in  tne  presence  of  lead  acetate  by  tieans  of 
the  red  color  develoijed  Is  not  very  suitable  as  a  practical  method, 
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A  NEW  CLIP 
D.M.Borlnets 

Clips  of  the  Mor  type  are  used  In  all  chemical  laboratories.  This  clip  has 
certain  disadvantages. 

It  constricts  the  tube  on  one  side  more  than  on  the  other.  It  Is  Imjx^sslble 
to  regulate  the  constrictive  force  of  the  clip  according  to  the  elasticity  of  the 
tube.  It  Is  difficult  to  restore  the  lost  constrictive  force  of  the  ''.lip.  In 
order  to  fit  the  clip  on  to  a  tube^  one  end  of  the  tube  has  to  be  fr-^c. 

The  new  type  of  clip  which  I  have  designed  Is  free  from  all  these  dlsadvan* 
tages  of  the  Mor  type.  The  method  used  for  making  one  of  these  clips  Is  very 
simple  (see  diagrams).  Iron  3  m'wlde  is  flattened  out  to  give  a  wire  of  the 
dimensions  3.5  X  LJ  mm  (I).  It  Is  then  tent  Into  shape  (II)  and  then  Into  (III) 
as  shown  In  the  diagrams.  The  dimensions  Indicated  are  optional.  According  to 
what  tubes  the  clips  are  to  be  used  on,  the  cross  sections  and  the  length  of  the 
wire  may  be  varied.  It  Is  advisable  to  anneal  those  points  on  the  wire  where  it 
ie  to  be  bent,  before  the  actual  bending. 


I 


Workli^  drawings  for  making  a  clamp  as  constructed 
by  Engineer  D.M.Borlnets. 

I  -  3  nJEx  steel  wire,  flattened  to  3.5  X.1.7  mm; 

II  -  Same  wire  with  grips  bent; 

III  -.Finished  clamp  (bending  scheme),  top  view; 

IV  -  Clamp  In  use; 

V  —  Lateral  view  of  clamp. 
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CHRONICLE.  . 

THE  CONIERENCE  ON  ANALYTICAL  CHEMISTRY  IN  GORKY 


A  regional  conference  on  analytical  chemistry  vae  held  from  the  4th  to  the 
6th  of  June  In  Gorky.  About  260  people  participated.  Including  scientific  vorkera 
from  Moscow,  Leningrad,  Kiev,  Saratov  and  many  other  towns,  and  also  vorkera  from 
the  chemical  Industry  In  Gorky  Itself.  The  work  of  the  conference  which  proceeded 
apace,  apart  from  plenary  sessions,  was  divided  up  among  different  sections. 

Altogether  40  papers  were  heard 

A  number  of  reports  was  devoted  to  the  theory  of  the  action  and  application 
of  organic  reagents  In  analysis. 

In  V. I. Kuznetsov  and  L.M.Kulberg* s  report  the  effect  of  the  structural  char¬ 
acteristics  of  the  molecules  of  an  organic  reagea^  on  Its  reactivity  was  consid¬ 
ered.  In  depicting  the  so-called  characteristic  atomic  group,  this  Inflxience 
was  not  taken  into  account,  and  consequently  the  presence  In  the  molecules  of 
different  reagents  of  "one  and  the  seme"  grouting  does  not  always  Indicate  similar 
reactions  for  these  reagents. 

I.S.Mustafln  shoved  that  a  similar  simplified  conception  exists  regarding  the 
effect  of  the  molecular  weight  of  a  reagent  on  the  solubility  of  the  reaction  pro¬ 
ducts.  Only  In  homologous  and  similar  series  of  reagents  does  the  solubility  de¬ 
crease  regularly  with  Increasing  molecular  walght  of  the  reagen%  the  weighting  , 
effect". 

The  completeness  of  the  precipitation  of  tungsten  by  organic  reagents  la  de¬ 
termined  by  the  nature  of  the  precipitant  and  the  state  of  the  tungsten  In  solution 
(normal  tungstates,  para,  meta).*  The  most  complete  precipitation  of  all  forma 
of  tungsten  Is  effected  by  salts  which  are  not  too  weak.  ■  basically  and  have  a 
high  molecular  weight --alkaloids,  methylene  blue,  methyl  blue,  methyl  violet, 
rlvanol,etc.  (B.A.Platunov) . 

V).  I. Kuznetsov  compared  colorimetric  determinations  with  one  and  two  colored 
reagents.  The  latter  necessitate  working  at  very  precise  pH  values  and  are  less 
selective;  reagents  of  this  type  however  are  known  for  almost  all  the  elements; 
and  the  reactions  are  more  sensitive.- 

In  the  colorimetric  determination  of  nickel  In  the  presence  of  cobalt  and 
other  elements  It  Is  convenient  to  extract  the  nickel  dloxlme  complexes,  which 
In  the  case  of  dlfuryl-  or  diphenyl -dloxlme  are  more  Intensely  colored  than  the 
dime thy Iglyoxlme  fV^M.Pgshkova) .  Methyl  violet  which  gives  colored  solid 

phase  reactions  Is  used  for  the  determination  of  mlcrogram  quantities  of  tungsten 
and  mercury.  Mercury  Is  determined  In  the  presence  of  bromides  of  Iodides  (A.F. 
Nemlrovskava,  M.P.Ananevskava)  Me reunited  anallne  and  other  amines  are  suitable 
for  the  mlcrocrystalloscopic  detection  of  a  number  of  anions  (A.A.Eelvakov) . 

V.F.Barkovsky  and  L.M.Kulberg  read  a  paper  on  the  colorimetric  determination 
of  platinum  by  means  of  a  blue  color  formed  by  chloroplatlnates  with  acetamide. 

For  the  determination  of  traces  of  Cl,  L.D. Borzova  and  L.M.Kulberg  used  the  form¬ 
ation  of  Intensely  colored  Indophenols.  For  the  colorimetric  determination  of 
boron  a  new  reaction  Involving  the  use  of  azomethane  dyes  from  H-acld  and  sallc- 
ylaldehyde  Is  applied,  (T, I. Badeeva  and  L.M.Kulberg). 


K.B.Yatslmlrsky  in  his  report  Indicated  tiie  expediency  of  the  thermodynamic 
approach  to  the  solution  of  various  problems  In  analytical  chemlstjry,  A. K« Babko 
reported  on  the  application  of  slllco-  and  phospho-molybdlc  adds  In  analysis  and 
the  study  of  their  compounds  by  the  Ostrpmyslensky-Job  method  and  the  limitations 
of  this  method. 

In  the  section  on  the  polarographlc •  and  chromatographic  methods  reports  vere 
read  by  V.B.Avilfiy  on  the  physico-chemical  bases  of  the  lodometrlc  determination  of 
As,  Sb,  Fe,  Sn,  Cr,  V,  and  the  theoretical  basis  of  certain  oxidation-reduction 
methods.  V . F . To ropoya  read  a  report  on  the  results  of  the  polarogaraphlc  Invest¬ 
igation  of  tli  acetate  complexes  of  R)  and  Cu  vhlch  confirmed  the  effects  of  ace¬ 
tate  buffers  which  have  been  previously  observed, 

A •  -.y .and_A. A. Busygins  reported  on  the  possibility  of 

separat?ng  Cu,  Cd,  and  by  Ion  exchange  on  Wofatlt  P,  using  solutions  containing 
thiosulfate  and  acetate.  V.N... Lenskaya _a_nd_L.M.Kulberg  studied  selective  reduction 
on  Ion  exchange  compounds.  It  seems  that  In  the  case  of  Mn04,  Cr207  and  Cr04 
ions  selective  reduction  is  observed  vhlch  varies  according  to  the  experimental 
conditions  and  the  nature  of  the  ion-exchange  resin. 

V  P.Ml.lIin.  discussed  the  experimental  and  theoretical  bases  of  electrography. 
M.L.Tssp  reported  on  the  photoelectric  absorptlometer  FA-52  which  is  simply  cons¬ 
tructed  and  car.  be  used  for  the  wave  length  range  UOO-l^OO  iqx  and  on  the  ix)tentlal 
uses  of  the  near  infra-red  for  analysis. 

Interesting  papers  were  read  on  topochemlcal  reactions  (L.M.I^lberg)  and  on 
F.  I.Flavitsky’ s  reaction,  which  occurs  during  the  pulverization  of  solid  materials, 
(I_.M,  Isakov)  (e.g.,  for  the  determination  of  the  higher  valency  states  of  the  rare- 
earth  elements).  The  development  of  Flavitsky's.  reaction  led  to  new  rapid  methods 
for  diagnosing  and  decomposing  minerals.  Yu. G. Titova  reported  on  micromethods  for 
the  determir.atlon  of  selenium. 

Papers  on  sanitary-hygiene  analysis  were  heard  at  the  conference;  the  deter¬ 
mination  of  tetraethyl  lead  in  air  by  absorption  with  an  alcoholic  iodine  solution 
(E.V.Gernet);  the  determination  of  sillco-organlc  compounds  in  quartz  in  the  pre¬ 
sence  of  silicates, using  the  unequal  relation  of  these  compounds  to  H6SIF2  (S.S_. 
Gupyits);  the  determination  of  a  number  of  aromatic  amines  and  phenols,  by  con¬ 
version  Into  colored  and  fluoi'escent  compounds  (p.N.V^skeylch)  et  al. 

The  analysis  of  organic  compounds  was  discussed;  rapid  micro-methods  for  the 
simultaneous  determination  of  several  elements  (M.O.Korshua,_y.A.KIlmoya,-lf.S. 
Sheveleva,  E.G.Bereznitskaya)  et  al, 

A  number  of  reviews  were  heard  at  the  conference;  on  the  polarographlc  deter¬ 
mination  of  organic  compounds  (I^A. Korshunov);  the  determination  of  organic  sulfur 
comxxDunds  in  gases  used  for  catal^ic  synthesis  (S.N.Kazamovsk j’)'  et  al. 


V. I .Kuznetsov 
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CRITICISM  AND  •'B'  I-BTL^I'  0  G  R:Y*  Y 


^Scientific  Reports  of  Kharkov  State  University*.  Vol, 

"Proceedings  of  the  Scientific-Research  Institute  of  Chenlstry"!  1951»  Kharkov, 
170  pp.  Circulation  500* 

'The  Collection  of  the  Proceedings  of  the  Scientific-Research  Institute  of 
Chemlatry**  contains  2^  articles  on  different  questions  In  analytical  chemistry. 

N.P. Komar  Is  either  the  author  or  one  of  the  participants  In  17  of  these  papers; 
altogether  17  chemists  participated  in  the  vork  reported. 

The  volume  of  the  proceedings  under  review  Is  not  devoted  to  one  theme,  though 
18  of  the  articles  relate^  to  various  problems  In  colorimetric  analysis,  spectro¬ 
photometry,  end  the  chemistry  of  colored  compounds.  The  wide  application  of  math¬ 
ematical  methods  for  the  characterization  of  various  equilibriums  and  processes 
of  ImixDrtance  In  analytical  chemistry  is  a  feature  which  Is  common  to  all  the 
articles.  Five  of  N.P.Komar's  papers  devoted  to  a  number  of  fundamental  problems 
In  the  colorimotnic  method  of  Investigating  multicomponent . system^  are.  ^f  the  ^great- 
es^  a  nee-. /.’The  studjr  of. the.  compos  It  ion^end  properties  of '^col<^red^o?’pcun^s  in 

solutions  has  been  'tal:en  lip  T)y  a  dumber  ot  investigators  recently. 

^  The' method  of  physico-chemical  analysis  of  solutions  enables  a  number  ^  '  V'  '  . 
of  questions  which  are  of  importance  in  colorimetry  and  in  the  chemistry  of  colored 

compounds  to  be  solved.  The  method  of  equlmolecular  mixtures  suggested  by  Ostromy- 
slenskyyi  and  developed  by  Job  and  other  Investigators  Is  of  great  interest  for  the 
determination  of  the  composition  of  complexes  In  solution.  In  the  first  of  Komar's 
articles  mentioned  above  It  Is  shown  In  a  general  form,  that  by  means  of  this  method 
It  is  not  the  composition  of  the  colored  complex  that  is  determined,  but  only  the 
ratio,  between  the  coefficients  of  the  reaction  equation.  Therefore  in  a  case 
where  one  of  the  components  participates  In  a  side  reaction,  complications  arise 
which  must  be  taken  Into  account. 

In  other  articles  a  number  of  questions  on  the  methods  of  determining  comp¬ 
osition,  dissociation  constants,  and  the  optical  characteristics  are  considered 
for  the  case  of  the  formation  of  two  colored  compounds,  and  further  in  cases 
where  the  color  of  the  reagent  depends  on  the  pH  of  the  solution,  etc..  Two 
articles  by  V.N.Tolmacheva  are  devoted  to  similar  questions.  In  these  papers  a 
number  of  formulae  is  given  which  considerably  facilitate  the  calculation  of  the 
basic  characteristics  of  a  system  on  the  basis  of  the  observations  made. 

A  number  of  articles  by  the  same  authors  and  also  by  L.P. Adamovich  and  others 
are  devoted  to  Investigations  of  individual  colored  compounds)  the  qulnalizarln- 
berylllum  complex;  the  compounds  of  zinc  with  methylvlolet  and  thlocyanogen, and 
reactions  for  cadmium  and  cobalt.  All  these  articles  are  also  distinguished  by 
detailed  mathematical  treatment  of  the  questions  and  give  a  series  of  new  and 
Important  characteristics  for  Individual  reactions.  The  composition  of  the  major¬ 
ity  of  the  colored  compounds  Investigated  are  determined  as  well  as  their  optical 
constants  and  the  Instability  constants  or  their  equilibrium  formation.  The  exp¬ 
erimental  part  of  these  and  other  papers  indicate  a  sound  approach  on  this  side  of 
the  Investigation. 

In  some  of  the  articles  calculations  and  experimental  results  are  given  for 


287. 


various  questions  In  chcnlcal  analysls-i  0»g»  the  method  of  determining  nitrites 
in  the  presence  of  nitrates,  and  the  chromate  method  for  the  determination  of 
sulfates,  etc. .  Finally,  there  are  four  articles  vhlch  are  Included  under  the 
general  heading  of  'The  mathematical  evaluation  of  the  sensitivity  of  chemical 
reactions".  In  these  articles  on  the  basis  of  the  work  of  a  number  of  investig¬ 
ators  and  by  the  adoption  of  a  mathematical  treatment  of  the  results,  the  range 
for  positive  reactions  for  sulfates,  iron  and  ammonium  ions  and  also  the  effect 
of  certain  reaction  conditions  are  evaluated. 

This  short  review  given  above  of  the  contents  of  the  Collection  shows  it  to 
be  of  great  Interest.  Almost  all  the  articles  are  original  scientific  researches. 
Every  chemist  who  •  is  Interested  in  the  question  of  physico-chemical  analysis  of 
solutions  and  also  in  some  of  the  individual  reactions  mentioned  above  will  find 
valuable  material  in  the  Collection.  On  the  other  hand  the  high  scientific  level 
of  the  work  enables  one  to  forecast  a  large  demand  for  the  Collection.  In  this 
connection  therefore  it  is  essential  to  point  out  a  number  of  c'deflclencles. 

The  articles  of  N.P. Komar  and  V. I.Tolmacheva  mentioned  above  on  the  optical 
method  of  investigating  equilibria  unfortunately  give  only  algebraic  interpretat¬ 
ions;  the  geometrical  method  is  hardly  used  although  it  is  more  graphic.  In 
addition  the  formulas  deduced  are  usually  not  written  down  in  a  '*workable''form. 

There  are  no  lists  of  symbols  and  sometimes,  (e.g.,  on  p.  7^,etcJ  there  are  symbols 
the  meanings  of  which  have  to  be  sought  for  in  other  articles.  This  hinders  the 
Introduction  of  these  formulas  into  practical  experimentation. 

The  authors  are  often  carried  away  by  the  form  of  the  mathematical  calcul¬ 
ations.  As  a  result  the  methods  master  the  authors  when  it  should  be  otherwise. 

In  some  cases  detailed  calculations  are  made  in  connection  with  certain  aspects 
of  a  process  which  are  not  the  basis  of  the  method.  Thus,  N.P.Komar's  experimen¬ 
tal  results  on  a  method  for  eliminating  adsorption  in  the  chromate  method  of  det¬ 
ermining  sulfates  are  undoubtedly  interesting*,  nevertheless  the  results  have  not 
direct  bearing  on  the  calculation  of  the  solubility  of  barium  chromate  in  trich¬ 
loroacetic  acid,  Meanwhllbk^  in  order  to  carry  out  the  calculations  actually  made,, 
a  complex  procedure  is  adopted,  including  extraction  of  activity  coefficients, 
equations  of  the  5th  order,  and  solutions  involving  three  successive  approximat¬ 
ions,  While  as  the  result  of  the  author's  excessive  faith  in  Landolt* s  tabulated 
results,  calculations  yielding  results  which  differ  by  as  much  as  three  times 
from  N.P.Komar's  experimental  results  are  made. 

Sometimes  the  effect  of  non-aqueous  solvents  on  dissociation  is  not  taken 
sufficiently  into  account  and  the  physical  mechanisms  of  certain  processes  are  not 
always  considered  correctly.  Thus,  L. P. Adamovich  in  his  article  on  the  qulnal-  • 
Izarln-hery Ilium  complex  calculates  the  instability  complex;  in  order  to  do  this 
the  total  concentration  of  beryllium  uncombined  in  the  colored  complex  is  taken 
as  the  concentration  of  the  free  beryllium  ions.  In  a  medium  of  0.5  N  alkali, 
however,  the  beryllium  ion  cannot  exist  in  a  free  state.  The  indicator  properties  of 
qulr.alizarim-  are*  also'  not  expLaJL^^-*-  .*ThilE,in  effect,  -  it-.  is.the-eqUillbrium-.con&tanb- 
of  the  reaction  which  is  calculated  and  ^ot  the  instability  constant  of  the  complex. 
This  does  not  detract  from  the  value  of  the  results  obtained,  nevertheless  the  deter¬ 
mination  applies  to  another  equilibrium. 

In  the  study  of  systems  involving  solid  phase  reaction:,  products  several  • 

important  factors  were  not  taken  into  account.  In  the  physico-chemical  analysis 
of  solutions,  maxima  and  other  characteristic  points  are  observed  on  the  property- 
composition  diagram.  Nevertheless  these  special  points  serve  as  a  basis  for  making 
conclusions  as  to  the  composition  of  a  compoimd  only  when  there  is  a  proportiona¬ 
lity  between  ttie  numerical  values  of  the  property  considered  and  the  concentration 
of  the  respective  compound.  At  the  same  time  the  absorption  of  light  by  suspensions 
of  a  colored  Insoluble  compound  may  depend  not  only  on  the  amount  of  solid  in  unit 
volume  of  suspens'lon,  but  also  on  the  particle  size  of  the  solid,  L.P.Adamovlch 
and  P.V.Starchenko  in  their  article  on  the  reaction  between  zinc  and  methylviolet 
observed  this  phenomenon  but  do  not  adduce  any  results  on  testing  the  effect.  It 
is  possible  that  this  fact  (ordbhers)  may  be  the  reason  for  the  rather  improbable 


concXuslona  vhich  the  authors  reacl^  viz  ,  that  methylvlolet,  zinc  and  the  thio¬ 
cyanate  Ion  are  found  In  the  ratios  6:1:4  In  the  complex;  on  this  assumption  It 
follows  that  a  cation  with  four  charges  should  be  precipitated  and  not  a  neutral 
molecule  (see  equation  p.  2d), 

It  Is  not  sufficient  to  use  chromatographic  methods  for  checking  the  purity 
of  organic  reagents.  Some  preparations^  e.g.  qulnallzarln,are  rarely  Individual 
compounds • 

There  are  some  editorial  errors  and  Inappropriate  expressions  on  p.  10 
"adsorption";  Is  used  for  absorption;  on  p.  15  there  Is  an  expression  "Results  In 
an  exaggerated  formif  p,  17  **  complex  forming  compounds  are  decanted";  p,25  ^changing 
competitors  etc. 

Despite  these  drawbacks  the  Collection  contains  very  valuable  material.  In 
the  articles  Included  new  and  Important  steps  are  made  In  the  development  of 
the  optical  method  of  Investigating  solutions  and  a  number  of  other  qu'^stlons  In 
oinalytlcal  Chemistry.  The  Collection  characterizes  the  high  scientific  level  of 
Soviet  analytical  Chemistry  and  the  undoubted  sucess  of  the  Scientific  Chemistry 
and  the  undoubted  success  of  the  Scientific  Collection  of  the  Institute. 


A. K. Babko 
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The  Use  of  the  Ultraviolet  In  Analytical  Chcolatry. 

2.  Quantitative  Mlcrochemlcal  Analysis  In  the  Ultraviolet,  p.  221 


Fig.  1.  Absorption  spectrum  and  microphotograph 
of  PbCla  and  R)Br2. 


The  Use  of  D la ntlpyrylphenylme thane  In  Analytical  Chemistry.  2.  p.  2^9 


Fig.  1.  Crystal  form  of 
[(CiiHiiON2)2CHCqH513- 
•H3lFe(CN)o)*9H20. 
Magnification  80. 


Fig.  2.  Crystal  form  of 
[  (CiiHn0N2)2CHCQH5l2H2Cr207 
Magnification  80. 


The  Reaction  Detveen  the  Bismuth  Ion  and  Benzldene 


rig.  1.  Benzldene,  H2[Bll5l *21120 
Crystallized  from  hot  solution. 


Fig.  2.  Benzldene,  H2[Bll5l *2^120 
Crystallized  from  cold  solution. 


A  CRY03C0PIC  I-iETHOD  FOR  TIS  CETFRJdlllATIOIl  OF  AREHES  (AROMATIC  HYDROCARBONS) 
in  LTGROIN.  KERXEIE,  AND  GAS  OIL  reTROLEWl  FRACTIONS  OF  STRAIGHT  DISTILIATIOM 


M. D.Tllllr'i-jev  and  H.A.0'::an6hevich 


The  All-Union  Scientific-Research  Institute  for  Transjxjrt, 
Storage  and  Utilization  of  Petroleum  ,  Products, 
Moscov  . 


A  cryoscoplc  method  vhlch  ve  have  developed  for  the  quantitative  group  det- 
OTTilnation  of  aroriatlc  hydrocarbons  is  described  In  the  present  article.  The  meth¬ 
od  Is  based  on  the  veil  known  chemical  thermodynamical  principle  that  for  dilute 
solutions,  the  depression  of  tre  crystallization  temperature  of  a  solvent 

is  proportional  to  the  amount  of  colutc  -Htsolved  la  It;  This  relatlon.il]  can  be 
expressed  by  the  equation  (l); 


where  tX  Is  the  depression  of  the  Initial  temperature  of  cryetalllzatlon  (^cryst  J 
caused  by  the  solute;  Is  the  percent  molar  concentration  of  the  solute;  A— the 
cryoscoplc  constant  (the  content  of  solute  In  mol.  percent  which  gives  rise  to  a 
depression  of  1  deg  In  tcryst  of  the  solvent)  which  Is  characteristic  for  any 
given  solvent;  o.  is  the  depression  of  ^cryst,  caused  by  1  mol.  percent  of  the 
solute. 

It  follows  from  equation  (1)  that  for  any  given  solvent  the  depression  of  its 
Initial  temperature  of  crystallization  Is  proportional  only  to  the  content  of  the 
solute  expressed  In  mol.  percent,  and  Is  Independent  of  the  nature  of  the  solute. 
This  projxjerty  Is  used  In  the  cryoscoplc  method  proposed  for  the  quantitative 
determination  of  aromatic  hydrocarbons  In  petx*oleuai  fractions.  The  method  is 
essentially  as  follows. 

Cyclohexane  Is  chosen  as  the  solvent  and  its  Initial  temperature  of  crystall¬ 
ization  Is  determined.  To  the  cyclphexenc  a  small  amount  (ca.J^)  of  the  petroleum 
fraction  to  be  tested  Is  added.  The  Initial  crystallization  temperature  of  the 
cyclohexane  is  thereby  lowered  by  a  certain  atzeunt  which  Is  denoted  hy  Ati  (e.g. 
7.26*).  The  solution  of  the  petroleum  fraction  In  cyclohexane  Is  then  treated 
with  conce.'itrated  H2SO4  under  conditions  described  below.  As  a  result  of  this 
tieatment  the  aromatic  hydrocarbons  contained  In  the  fraction  originally  added  to 
the  cyclohexane  are  removed  ana  the  total  amount  of  the  petroleum  fraction  cont¬ 
ained  in  the  cyclohexane  decreases  eccordlngly.  The  Initial  crystallization  of  the 
cyclohexaiie  solution  of  the  fraction  will  Increase  slightly.  Let-^thls  Increase  be 
denoted  ot2  (e.g. 

7-26*  lOOJ, 

(itt2)  xf. 


From  which  we  find  that 

.  X  * 


«  2^.151,  (molar) 


or  the  froctloa  treatei!  contnir.s  \  (mol,*  oi*  aronatlc  hydrocarhons.  The 

general  fora  cf  the  equation  I'or  calculating  the  aromatic  hydrocarbon  content  . 

In  a  te&t  mixture  on  the  basis  of  the  experimental  results  la  as  follovss 

100*  Ata  tr%\ 

"^oi  -  — 5ti 

vhere  Xjjol  the  content  of  aromatic  hydrocarbons  In  mol  Ati  the  depression 
of  tcryst  for  cyclohexane  after  addition  of  the  test  mixture;  Ata  the  elevation 
of  the  crystallization  temperature  of  the  solution  of  the  test  mixture  In  cyclo¬ 
hexane  after  the  H2S04  treatment* 

From  the  example  given  above  It  Is  clear  that  for  tlie  quantitative  determi¬ 
nation  of  aromatic  hydrocarbons  by  means  of  the  cryoscoplc  method  In  the  form 
described  etove.  It  Is  not  necessary  to  velgh  the  cyclohexane  or  the  fraction  to 
be  tested  accurately.  It  Is  accurate  enough  to  use  a  buret  or  plpet  for  adding 
ca,^5^  of  th-e  fraction  or  0.>-0.5  ml  according  to  the  molecular  vclght*  Hot  even 
a  Kno./ieo»;e  of  tlie  cryoscoplc  constant  of  the  nolvent  Is  necessary* 

In  principle,  any  other  Individual  solvent  (l.e.,  not  a  mixture  of  solvents) 
can  be  ustd  Instead  of  cyclohicxane  as  long  as  It  does  not  react  vlth  H2S04  and 
Is  a  good  solvent  for  petroleum  fractions.  Cyclohc^sne  however  has  the  following 
advantages:  1)  a  high  value  for  rt  (1  riol  of  a  c-ji  ite  depresses  the  Initial 
crystallization  temperature  of  eye lc*no;:ane  2.^2*);  2)  the  suitability  of  the  value 
of  the  Initial  crystallization  t.'^rrcc-rature  (+6.55*  for  pure  cyclohexane)*  and  5) 
it  Is  comparatively  easily  available. 

EXFdRDSKTAL 

Charactei  Izatlon  of  tlje  Original  Compojuds  and  General  Experimental  Procedure ' 

The  original  alkanes  and  cyclanes  were  given  a  preliminary  treatment  vlth 
9B^  H2S04  until  there  was  no  further  change  in  their  physical  constants;  they 
V ‘re  then  drlstllled.  The  original  aromatic  hydrocarbons  did  not  contain  more 
than  I.33&  of  alkanes  or  cyclanes.  Ibtroleua  fractions  boiling  In  the  ranges 
150-200*,  200-250*,  250-300*,  300-350*  and  350-400*  were  also  used  after  removal 
of  the  aromatic  hydrocarhons  hy  adsorption  on  silica  gel.  That  all  the  aromatic 
hydrocarbons  had  been  completely  removed  was  checked  by  passing  the' fractions 
repeatedly  'through  a  column  packed  with  fresh  lots  of  silica*  gel  and  testing  their 
physical  constants.  Only  In  two  cases  (the  150-200*  fraction  from  heavy  Balak- 
hany  petroleum  and  the  3OO-35O*  fraction  from  Kallnsky  petroleum)  were  the 
aromatic  hydrocarbons  separated  by  treatment  with  98^  H2SO4.  All  the  fractions 
were  obtained  from  Individual  petroleums.  The  petroleum  aromatic  hydrocarhons 
were  Isolated  frem  Individual  petroleums  by  slllcal  gel  adsorption  and  were 
kindly  placed  at  our  disposal  by  our  collea^rue  M.  S.  Borova  of  our  Institute* 

The  properties  of  the  original  compounds  are  given  In  Table  1* 

The  temperature  of  crystallization  -'us  determined  In  a  Beckmann  apparatus 
used  for  molecular  vetglit  determlnjtlons,  provided  with  an  automatic  stirrer* 

The  temperature  was  measured  by  ineans  of  an  ordlno.*y  thermometer  graduated  from 
~3^  to  +20*  vlth  scale  divisions  of  O.i*.  The  lexporatu: e  could  be  read  to  an 
acc'j*acy  of  O.CI^ty  using  a  magnifying  glass.  Clnoe  In  this  particular  case  it 
It  e  difference  between  joint on  the  thermometer  that  has  to  he  measured  and 
not  ebsolnte  value  of  thn  tsm^eraturfe,  an  accuracy  of  the  above  order  is 
srfficler.c.  The  comllng  liquid  used  vns  aicotoi  plus  eolld  carbon  dioxide.  The 
d?..ffc:once  between  tbe  tenperaiure  of j:rj'Stalllz&t Ion  of  ciiy  test  mixture  and  that 
cf  thf:  cooling  bath  did  not  exceed  1--**  ’  .  • 

10-13  ml  of  pure  cyclohexane  was 'introduced  Into  the  Inner  tube  of  the  Beck¬ 
mann  apparatus  and  its  initial  temperature  of  crystallization  detemlned*  0.>-0.5 


TAB1£  1 


Physico-Chemical  Constants  of  the  Original  Hydrocarbons  and  Fractions  • 


No. 

Designation  of  the  hydro- 

Mol,  wt 

Crystal- 

B.p. 

dfo 

■4° 

Critical  solu* 

carbons  and  fractions 

llzation 

ranges 

tlon  temp.  In 

tcrap./C 

at  760 
mm  Hg 

aniline^ In  *0 

1 

Cyclohexane 

+6.00 

'%W 

178.^ 

0.7787 

1.4260 

- 

2 

Diethylbenzene  (mixture 

154  2^ 

- 

0.8637 

1.4912 

- 

of  isomers) 

183.9 

• 

3 

Decalydronaphthalene  (mix- 

15d.2^ 

- 

0.8710 

1.4690 

+36.9 

ture  of  Isomers) 

11.8.23 

4 

Pentomethylbenzene 

+57.3 

— • 

— 

— 

— 

5 

1 -Me thy Inaphtha lene 

142.2^ 

• 

239.0- 

241.0 

1.6090 

** 

6 

Trl ethylbenzene  (mixture 

162.3^ 

- 

216.0- 

0.8813 

1.4989 

- 

of  Isomers) 

218.4 

7 

2,6-D Imethy inaphtha lene 

156.2^ 

♦110- 

110.5 

216 

* 

8 

2-Phc  nylheptbne  ^ 

176.3® 

1 

ro  to 

1.4892 

* 

9 

1, 2-Dlphenylpentane 

182.5® 

♦50.7 

— 

- 

— 

- 

10 

n-H3xa decane 

226.43 

+17.2 

— 

— 

1.4345 

♦68.8 

11 

Dlamy Inaphtha lene  (mix- 

268.43 

— 

— 

— 

1.5520 

— 

ture  of  Isomers) 

282.43 

178- 

12 

Dlcyclohexyllndane  (mix- 

- 

1.0011 

1.5510 

— 

ture  of  Isomers )C2iH3o* 

136.0^ 

179 

(3  mm) 

13 

Alkane-cyclane  part  of 

— 

150- 

1.U337 

♦60.9 

the  150-200* fraction 
from  Bible ibatsky  petro- 
letmi 

200 

14 

Alkane-cyclane  part  of 

l4l.O'* 

150- 

. 

the  150-200* fraction 

200 

— 

— 

♦60.5 

from  Balakhany’  *  heavy 
petroleum 

1.4520 

♦67.5 

15 

Alkane-cyclane  part  of 

175.0^ 

.  — 

200- 

— 

16 

the  200-250* fraction 
from  Kallnsky  Petroleum 

250 

1.4600 

Alkane-cyclane  part  of 

226.0'* 

— 

250- 

— 

— 

the  25 0-500* fraction  ! 

from  Kallnsky  Petroleum  | 

\  j 

300 

• 

17 

Aromatic  hydrocarbon 

233.2'* 

- 

300- 

— 

—  . 

— 

fraction  500-550* from  1 
Buzcvlnsk;  Petroleum  •  ! 

350  1 

1 

18 

Aromatic  hydrocarbon 

=258.8* 

- 

350-  i 

— 

— 

— 

fraction  550-400* from 
Buzovinsk;  Itetroleum 

1 

263.0* 

400  1 

♦89.2 

19 

Alkane-cyclane  part  of 

- 

300- 

0.8479 

1.4642 

the  500-550* fraction 
fi-cm  Kallnsky  Petroleum 

350 

20 

Alkane-cyclane  part  of 

293.0* 

— 

350- 

— 

— 

— 

the  550-400* fraction 
from  Buzovlnsk.  Petroleuo 

_  .  .  i 

400  1 

i)  Vas  synthesized  by  L.  Kotlyarevsky.  2)  The  sample 

vas  kindly  placed  at  our  disposal  by  E.  S.  Pokrovska.  .  a)  The 

vas  calculated  on  the  basis  of  an  empirical  formula.  ..4)  Tlie  molecular  v'elgh 

vas  determined  experimentally  by  a  cryoscoplc  method  using  benzene.  -  . 
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ml  of  the  test  fraction  vas  then  added  to  the  cyclohexane  and  the  temperature  of 
crystallization  of  the  solution  determined.  The  solution  vas  then  treated  with 
1  volume  of  concentrated  K2SO4  In  order  to  remove  the  aromatic  hydrocarbons, 
subsequently  separated  from  the  H2SO4  and  washed  aucceoslvely  with  10^  NaOH  and 
R^O  till  the  solution  vas  neutral.  The  solution  vaa  finally  dried  over  anhydrous 
CaCls,  The  crystallization  temperature  for  this  treated  solution  vas  finally 
determined,  *  - 

The  value  of  a,  l.e.,  the  depression  of  the  crystallization  temperature  of 
cyclohexane  as  a  result  of  the  addition  of  1  mol  ^  of  different  hydrocarbons 
vas  determined  by  measuring  the  crystallization  temperature  of  cyclohexane  by 
the  method  described  above  before  and  after  addition  of  the  solute  In  amounts  of 
2-35^  (mol).  The  value  of  a  la  calculated  from  the  experimental  results  by  means 
of  equation  (3) 

a  .  (3) 

where  a  la  the  depression  of  the  crystallization  temperature  of  cyclohexane 
caused  by  addition  of  1  mol  ^  solute;  At  —  the  depression  of  the  crystalllzav 
tlon  temperature  of  cyclohexane  caused  by  addition  of  a  known  weight  of  solute; 
a  -  the  amount  of  solute  added  In  mol  5*  • 

Experimental  Dctermlratlon  of  the  Depression  of  the  Crystallization  Temperature  of  • 


Cyclohexane  by  Addition  of  1  tol  %  Solute 

It  vas  stated  above  during  consideration  of  equation  (l)  that  for  any  given 
solvent  the  depression  of  Its  Initial  temperature  of  crystallization  Is  proportional 
only  to  the  content  of  the  solute  expressed  as  molar  ^  and  Is  Independent  of  its 
nature.  In  order  to  check  this  statement  experimentally  the  values  of  a,  i.e,,  the 
depression  of' tb6  crystallization  temperature 'of  cyclohexane  f^used*  la  the  method 
proposed  as  the  solvent)  caused  by  adaltlon  of  1  mol.^  of  different  solutes 
(Table  2),  were  determined.  ~ 

The  results  In  Table  2  show  that  hydrocarbons  which  have  molecular  weights 
similar  to  that  of  cyclohexane  and  which  are  similar  In  structure  give  low  values, 
for  a,  probably  os  a  result  of  the  formation  of  solid  solutions.  Thus  on  addition  * 
of  methyl  cyclohexane  the  value  of  a  la  1,90  Instead  of  the  expected  value  of 
2,U2^',  l.e.  215&  lover.  Vhen  benzene  was  added  to  cyclohexane  the  valiie  of- a 
obtained  was  2,25  which  Is  7*6^  lower  than  the  calculated  value;  the  value  of  a  . 
obtained  by  using  toluene  vas  l.e,  3.35&  lover  than  the  calculated  value. 

^ydrocarbons  such  as  n-hexane,  and  n-heptane  which  have  similar  molecular  weights 
to  cyclohexane  but  differ  considerably  In  structure  from  It  give  normal  values  for 
a.  All  tbj  other  hydrocarbons  and  mixtures  of  hydrocarbons  tested,  differing  la 
structure  and  with  molecular  weights  varying  from  13*^-291,  on  addition  to  cyclo¬ 
hexane  depress  the  crystallization  tempei^ture  by  an  average  of  2.47.  The  mean 
deviation  of  the  values  found  from  the  mean  vas  equal  to  1,1^,  while  the  maxlmtaa 
deviation  (In  one  case)  vas  2.8^.  The  deviation  of  the  mean  valxae  of  a  (2.47) 
from  the  calculated  value  vas  2*f),  It  should  be  noted  that  erarors  In  determining 
the  molecular  weight  of  a  mixture  of  hydrocarbons  by  a  cryoucoplc  method  in  benzene 
might  be  a  contributory  cause  for  the  moxlnum  deviation  of  2.8^  In  one  particular 
case.  Analogous  results  wore  obtained  for  four  determinations  of  the  cryoscoplc 
constant  of  cyclohexane  when  four  synthetic  mixtures  of  petroleum  fractions  boiling 
between  150-200*,  and  containing  aroiuatlc  hydrocarbons  were  added  to  cyclohexane. 
These  results  are  not  Included  In  Table  1  so  as  to  save  space.  The  average  value 
of  a  Is  2.44.  It  can  be  regarded  therefore  as  experimentally  established  that  tbe 
depression  of  the  crystallization  tcmjjerQture  of  cyclohexane  Is  proportional  (with 
an  accuracy  of  +35&)  to  the  solute  content,  but  la  Independent  of  the  nature  of  the 
solute,  vhen  mixtures  of  hydrocarbons  which  have  boiling  points  of  150*  and  over  are 
used  as  solutes. 

The  value  of  a  »  2,42  vas  calculated  from  the  heat  of  ciystalllxatlon' of  cyclo¬ 
hexane  (639*3  cal/mol).  7or  further  details  see  [2). 


I 


TAL'Iif  2 


Depression  of  the  Crystallization  Tcnperature  of  Cyclohexane  by  Addition  of  1  mol  ^ 
nf  Different  Hydrocarbons  end  Mixtures  of  Hydrocarbons, 


No. 

Composition  of  Mixture 

s  • 

MoL  vt 

Depression  of 
^cryst. produced  by 
mol  ^  Bol^  *  * 

deg. /mol. %  (a) 

Calculated  on  the  basis  of  the  heat  of 
crystallization  of  cyclohexane* 

- 

CM 

.4* 

• 

1 

n* Hexane 

86.2' 

2.42 

2 

Benzene 

78. 

2.25 

3 

n*  Heptane 

100*2^ 

2.45 

Me  chylcyclohexane 

98.2^ 

1.90 

5 

Methylbenzene  (toluene) 

92.1*- 

2.34 

6 

Diethylbenzene  (mixture  of  Isomers) 

134.2^ 

2*48 

7 

A  synthetic  mixture  of  9**^  mol.  ^  diethyl- 
benzene  and  5?0.6  mol.  5^  decahydronapb- 

J57.8^ 

2*44 

thalcne 

8 

A  synthetic  mixture  of  82.0  mol.^  n-hexane 

217*4^ 

2.49 

9 

and  l8.0  mol  ^  2-phenylheptane 

A  synthetic  mixture  of  29.7  ^1- ?>  trlethyl- 
benzenc  (mixture  of  Isoicex’s)  and  7^*3  mol, 

10 

of  n-hexane 

A  mixture  of  alkanes  and  cyclenes^  the  300- 

207.3^  . 

2*44 

350*fractlou  from  Kallnsky  petroleum 

263* 

2.50 

U 

A  synthetic  mixture  of  42.5  moL  ^  of  aro¬ 
matic  hydrocarbons  (300-350* fraction)  . 
and  37>5  mol.^  alkanes  and  cyclanes 

.2*46 

(300-350* fraction)  from  Buzovlnsky  petroleira 

25C^ 

12 

A  synthetic  mixture  7*7  mol.^  of  aromatic 

hydrocarbons  (350-400* fraction)  and  92*3 

‘ 

mol.  ^  alkanes  and  cyclanes  (35O-400*fraction) 

2.40 

from  Buzovlnsky  petroleum* 

291* 

13 

A  synthetic  mixture  of  26.3  >&ol  ^  aromatic 
hydrocarbons  and  73.8  mol  4  alkanes  and 
cyclanes  (350-400* fraction)  from  Buzovlnsky 

1 

1 

284^ 

• 

Ik 

petroleum* 

A  synthetic  mixture  of  49.6  mol  of  aromatic 
hydrocarbons  (35O-400*fractlon)  from  Buzo¬ 
vlnsky  petroleum  and  50.4  mol  ^  of  alkanes 
and  cyclanes  (550-400* fraction)  from  the  same 

2.45 

petroleum. 

291* 

2.40 

15 

200-250*fractlon  synthol 

176* 

2.46 

16 

250-300* fraction  synthol 

214* 

*  2.50 

Kolecnlar  velght  calculated  on  the  basic  of  an  empirical  formula  for  the 
hydrocarbons  and  their  content  la  the  mixture* 


^  *  Molecular  velgbt  detcrxlned  experimentally  by  a  cryoscoplc  method  la  benzene* 

Checking  the  Cryoscoplc  Method  on  Synthetic  Klxturea 

The  test  mixtures  as  pointed  out  above  vere  added  la  amounts  of  ca*3^ 

The  aromatic  hydrocarbons  content  la  the  cyclohexane  therefore  does  not  usually 


2^ 


exceed  Ijt.  The  low  concentration  of  the  aromatic  hyrocarbons  necessitates  specific 
conditions  for  the  R2SO4  treatment.  It  Is  necessary  to  remove  this  small  amount  of 
aromatic  hydrocarbons  completely,  while  the  H2S04  used  must  not  react  appreciably 
with  the  alkane  and  cyclane  part  of  the  fractlozu 

One  of  us  with  Kur India  [2]  showed  that  monoalky Ibenzencs  with  seven  and 
more  carbon  atoms  In  the  alkyl  group  are  not  completely  removed  by  ^2^04, 
fuming  ^2804  with  a  low  concentration  of  free  SO3  being  necessary.  As  a  typical 
alkylbenmcne  which  Is  only  removed  with  difficulty  by  11^504,  we  chose  2-phenyl- 
heptane. 

In  order  to  establish  the  optimum  conditions  for  II2SO4  treatment  of  the 
test  mixtures  In  cyclohexane  for  the  elimination  of  the  aromatic  hydrocarbons, 
testa  on  l4  synthetic  mixtures  were  carried  out.  The  amount  of  aromatic  hydro¬ 
carbons  In  each  of  these  mixtures  was  determined  by  the  cryoscoplc  method 
described  above. 

Besults  of  these  tests  (Table  3)  showed  that  the  majority  of  the  aromatic 
hydrocarbons  are  completely  removed  by  B2S04.  However  for  complete 

elimination  of  2-phenylheptane,  fuming  H2SO4  containing  0.2--0,35&  free  SO3  was 
necessary.  For  the  quantitative  determination  of  aromatic  hydrocarbons  In 
petroleum  fractions  by  the  cryoscoplc  method,  tbereforn  ve  adopted  the  following 
H2S04  treatment:  1  hour  shaking  by  hand  of  equal  volumes  of  fuming  H2S04  con¬ 
taining  0,2-K).53t  free  SO3  and  the  cyclohexane  solution. 

The  accuracy  of  the  proposed  cryoscoplc  method  for  the  quantitative  deter¬ 
mination  of  aromatic  hydrocarbons  was  tested  on  synthetic  mixtures  (Table  4), 

The  mean  error  was  equal  to  0,6<jt  (absolute^  the  naxlmua  enor  was  2,2^  (absolute). 
The  relative  ^  error  in  calculating  the  aromatic  hydrocarbons  varied  from.  0  to  33^ 
(depending  on  the  hydrocarbon  content).  The  relative  mean  error  was  equal  to  3.45t. 

In  order  to  test  the  repeatability,  experiments,  the  results  of  which  are  not 
included  In  the  present  article,  were  carried  out  on  the  quantitative  determination 
of  aromatic  ‘hydrocarbons  in  7  petroleum  fractions.  The  mean  deviation  between 
duplicates  amounted  to  0,2^  (absolute),  the  maximum  deviation,  was  0.4^. 

For  a  comparison  of  the  proposed  cryoscoplc  method  for  the  determination  of 
aromatic  hydrocarbons  with  the  aniline  method  [3],  results  are  given  for  both 
methods  in  Table  5*  The  average  value  of  the  accuracy  of  the  aniline  method  given' 
In  -the  table  was  derived  from  7  experiments  on  synthetic  mixtures)  these  results 
are  not  included  for  the  sake  of  brevity.  The  relative  accuracy  of  the  aniline 
method  (15^)  was  taken  from  the  literature  (4J, 

The  values  given  In  Table  5  show  thal^  as  regards  accuracy  and  time  spent  and 
also  the  amount  of  sample  necessary  for  an  analysis,  the  cryoscoplc  method  has 
considerable  advantages  over  the  aniline  method.  This  Is  natural  since  the  cryo¬ 
scoplc  method  Is  based  on  a  physical  law  which  Is  Independent  of  the  structure  of 
the  aromatic  hydrocarbons  or  on  the  composition  of  the  alkane-cyclane  components. 
The  aniline  method  Is  of  an  arbitrary  nature  and  the  results  obtained  when  it  is 
used  depend  on  different  factors,  in  particular  on  the  composition  of  the  alkanes 
and  cyclanes  composing  the  test  fraction,  and  on  the  structure  of  the  aromatic 
hydrocarbons. 

It  must  be  emphasized  once  again  that  when  the  cryoscoplc  method  is  used, 
the  value  found  for  the  aromatic  hydrocarbons  content  is  expressed  In  mol  as  is 
usually  done  in  the  quantitative  determination  of  unsaturated  hydrocarbons  by  means 
of  iodine  and  bromine  numbers. 


Selection  of  the  Optimum  Conditions 


Toot  Composition  of  the  Syntl«etlc  Mix-  Conditions  of 

No.  .  _ tures _  treatment 

Cyclone 3, alkanes  Aromatic  Cone. 

hydrocarboiB  of  H2SO4, 
wt.  ^ 


for  H2SO4 


Cyclone -alkane  i>art 
of  the  200-250* frac¬ 
tion  from  Kallnsky 
petroleum. 

Ditto 

Ditto 
.  Ditto 


Cyclane -alkane  part 
of  the  250-500*  frac 
tlon  from  Kolinsky 
petroleum. 

Ditto 


Cyclqne -alkane  part 
of  the  500-350*  frac 
tlon  from  Kallnsky 
petroleum. 

Ditto 

Ditto 

Cyclane -alkane  part 
of  the  350-1+00*  frac 
tlon  from  Buzov Insk: 
petroleum. 


1-lfethyl- 

naphthalene 


2-Phenyl-  99*5 

heptane 

Triethyl-  99-5 

benzene 
Trlethyl-  1 
benzene 

1- ltetbyl- 

r.aphtha lene )0,k  free 

2- Fher.yl-  j  SOa 

heptor^  J 
Penta.aev!iyl- O.U  free 
benzene  SO3 


Pentamethyl- 

benzene 

Dlbeazyl  10.4  free 
Dlamylnaph-  .  SO3  60 

thalene 

Dlamylnaph-  93.0  30 

thalene 


free  SO3 

"  0. 1-0.2 

free  SO3 

Aromatic  93,0 

hydrocar¬ 
bons  from 
the  35O- 
400*frac- 
tlon  of 
Buzov  insk. 
petroleum 


Deviation 
Actual-  Fouid 

Abso¬ 

Rela¬ 

lute 

tive 

19.5  16.5  +3.0 
10.2  9.7  +0.5 


tabu:  k 

Checking  the  Cryoscoptc  J4jthod  for  the  Quantitative  Determination  of  Aromatic 
nydrocarhoae  on  Synthetic  Mixtures  (amount  of  H2S04  1  volume) 


Deviation 

Actuol~Fotmd 


Comrosltlon  of  Syiithotlc  Mixtures 

Cyclar.es  and  1 

alkanes 

Aromatic  liydro- 
ca.rbonfl 

Decahydro naph¬ 
thalene 
Ditto 

n 

Alkane- cyclone 
part  from  tha 
15C>"-cO0*  fraction 
of  heavy  Ealak- 
hacy  petroleum 
The  sa?:e:  mtxt’ire 
Alko  116-07011*00 
part  of  the  l^O- 
200*fi*actlt:-n  of  } 
heavy  Salakhany 
petroleum  I 

The  same  mtxtiire  1 
Alkane-cyclane  1 
part  of  the  lyH 
2CX)*  fraction  | 
from  Bioislbatsky 
petroleum  | 

Ditto  ! 

n-nexadecat« 
Alkane-cyclans 
part  of  the  ^ 

frac¬ 
tion  fr«i 
Kallnsky  p»itrc-  j 
leum  I 

Dittc 


Dlcthylhenzene 

Ditto 

II 

fi 

,1.*  ethylbenzene 


Ditto 

t: 


Ditto 

If 


!  Ditto 

|?riet»i/i'beD2>;De 

|x-»'5£tiiylj>aph- 

rthalene 


Ditto 


n-Hexadccane 

De  cahydronaph- 
thalene 

Alkane-cyclanm 
part  of  the 
250-300*frac. 
tion  of  Kalln- 
sky  petroleum 


Triechyihenzeae 
(7.02611  -methyl- 
naphthalene 
(16.9^)  2-poenyl 
heptane  (6.9^) 
1-Me  thylxiaphtha  - 
lone 
Ditto 

rentamethylbenze 


fH2S04 

conc.j 

vt. 

of 

racr 

n 

Length 

treat- 
it  In 
iin. 

— 2 — 

Actual! Found 


10.2  9.7 

9.9  10.0 

10.0 

h.S 


HR 


11.3 
10.2  1 10.7 


60  52.5  32.2 

60  29.7  29.2 

60  29.9  29.1 


51  free  30  29.7  28.9 

3  I  ' 


+13.0 

+19.0 


+13.0 


30.0  29.4  +0.6  +2.0 
30.8  30.6  +0.2  +1.0 


.3  1+2.0 

.9  " 


-0.3  -3.0 


K\Jt  h-CO  0\  O  H  W  ^<^  Jt  ITNVO  b-eO 

WWCUW  CUCVICVI  JCkK>KM<>  K\K>f!SKMr\ 


t  SMmlrd 


TABLE  4  (continued) 


2 

5 

“TJ - 

5 

—r~ 

8 

9 

Alkane -eye  lane 

Dlamylnaphtlialene 

0.53t  free 

60 

15.2 

14.8 

■K).4 

+3.0 

part  of  the 
250-300*  frac- 

SOs 

• 

tldn  of  Kalln- 
flky  petroleum 

60 

Ditto 

Pentamethyl- 

henzene 

It 

9.9 

10.2 

-0.3 

-3.0 

N 

Pcntamethyl- 
benzene  (5«8^)# 

N 

60 

41.6 

41.5 

4O.1 

♦0.3 

1,2-Dlphenyl- 
ethane  (11.3^), 

D i amy Inaphtha- 
Icne  (24.5^) 

17.6 

+0.6 

A  Ika  nc -eye  la  ne 

Dlamylnaphtiia- 

0. 1-0.2^ 

30 

17.5 

+0.1 

I)art  of  the  300- 

lene 

free  SO3 

350*fractlon 
from  Kallnsky 

1 

» 

1 

petroleum 

37.6 

Ditto 

Ditto 

Ditto  '  nO 

17.9 

-0.3 

-1.7 

It 

Dlcyclobexyl  lndar.e 

tt 

30 

11.5 

11.1 

+0.4 

+3.4 

tf 

Ditto 

It 

60 

j.1.5 

11.1 

+0.4 

+3.4 

N 

Dlaayl  na  pht  La  lene 

It 

30 

27.7 

+1.1 

+3.8 

( 10,  ,  dlcyclo- 

hexyllndane  (l8^! 

1 

i 

1 

+0.8 

+2.8 

• 

Ditto 

2d.  •' 

28.0 

'■-'m 

tt 

tt 

■60 

•28.6 

28.1 

+0.7 

+2.4 

Bt  . 

Aromatic  hydro- 

It 

30 

42.5 

42.5 

0.0 

0.0 

carbons  300-350* 
fraction  from 
Buzovlnsk;  petro^ 

• 

leum 

.M 

Pltto 

• 

30 

42.5 

41.7 

+0.8 

+1.9 

ft 

It 

tt 

.50 

6.4 

6.7 

-0.3 

+4.7 

It 

tt 

tt 

30 

6.4 

6.5 

-0.1 

-1.6 

Alkane-cyclane 

Aromatic  hydro- 

It 

30 

49.6 

50.5 

-0.9 

-1.8 

part  of  the 

carbons  350-400* 

360-400*frac- 

fraction  from 

tlon  from 

Buzovlnsk  petro- 

♦ 

Buzovlnsk 

petroleum 

leum 

49.6 

48.7 

+1.8 

Ditto 

Ditto 

a 

30 

+0.9 

n  -  . 

tt 

tt 

30 

26.2 

28.2 

-2.0 

“7.6 

tt 

It 

a 

30 

26.2 

26.9 

-0  7 

“2.7 

It 

tt 

a 

30 

51.8 

49.6 

+2.2 

+4.3 

tt 

tt 

H 

60 

51.8 

50.8 

+1.0 

♦1.9 

ti 

■ 

• 

30 

7.0 

6.9 

+0.1 

♦1.4 

.  tt 

tt 

a 

30 

8.6 

8.2 

+0.4 

+4.7 

19 

20 
21 


22 


39 

40 


Mean  deviation  . . . 
Maximum  deviation. 


0.6 

2.2 


3.4 

13.0 


301 


TABI£  5  • 

Comr«rl8on  of  the  CryoBcoplc  Method  for  the  Quantitative 
Determination  of  Aromatic  Ilydrocnrhons  vith  the  Aniline  Method 


SUMMART 

1,  A  nev  cryoscopl'*?  method  has  heen  developed  for  the  quantitative  deter¬ 
mination  of  aromatic  hyd-ocartona  In  llgroln,  kerosene  and  gas  oil  fractions  of 
straight  distillates. 

2.  ?jbe  mean  accuracy  •'«i  the  cryoscoplc  method  Is  0.6^  (ahsolute)  and  , 
(relative).  The  average  -epeatablllty  Is  0.2^  (absolute). 

3*  The ,  quantitative  detnrmlr**tion  of  aromatic  hydrocarbons  in  one  fraction 
by  the  cryoscoplc  method  -^ekes  hours,  as  against  8  hours  by  the  aniline  method, 
The  amount  of  sample  neces'^ary  Tor  one  analysis  by  the  cryoscoplc  method  Is  O.J- 
0.3  ol  as  against  20  ml  for  the  aniline  method. 
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Qualitative  Index 

Method 

1 

Cryoscoplc 

Aniline 

Time  taken  for  one  analysis 
Amount  of  test  fraction 

3.3 

8 

necessary  for  one  analysis 

In  ml 

O.3-O.5 

20 

Accuracy  of  the  analyslst 

0.6 

2.4 

Absolute  ^ 

Relative 

3A 

15 

A  CEIIERAL  I-ETHOD  FOR  THE  HIVESTIGATIOH  OF  COHlECIPrEATIOH 


ARD  ADGORITION  BY  MEANS  OF  lABELIFD  ATOMS 


V.B. Miller.  M.B. Neuman  and  L.A.SazonoT 


Institute  of  Chemical  Physics,  Acad.  Scl.  USSR,  Moscov 


During  the  separation  of  elements  prior  to  their  analytical  determination  the 
undeslrahle  phenomena  of  adsorption  and  copreclpltatlon  often  crop  up.  These  phen¬ 
omena  Interfere  vlth  the  preparation  of  chemically  pure  precipitates  and  often  lead 
to  an  Increaaed  vel^t  of  the  latter  vlth  consequent  analytical  errors. 

Adsorption  and  cocrystalll^atlon  are  of  fundaner.tal  importance  not  only  in 
analytical  chemistry  hut  also  In  a  number  of  Industries,  e.g.  In  the  sejiaratlon  of 
radioactive  elements  from  their  ores. 

The  most  thorou^  and  fundamental  theories  of  adsorption  and  copreclpltatlon 
during  the  formation  of  precipitates  vera  developed  by  Academician  V.G.Khlopln 
and  his  school  In  a  series  of  investigations  begun  In  1924  [1].  In  recent  years 

I.V.Tananaev  has  devoted  a  large  number  of  Investigations  to  the  application  of 
physico-chemical  analysis  to  .systems  of  analytical  Importance. 

■  In  one  of  these  Investigation  [?]  the  solubility  of  nickel  ferrocyanlde  In 
the  presence  of  K4Fe(CN)o,' Ka4Fe(CN)e  and  Ll4Fe(CN)a  vas  studied,  as  veil  as  the 
chemical  composition  of  the  precipitate. 

The  authors  found  that  under  certain  conditions  the  nickel  ferrocyanlde  pre¬ 
cipitate  during  Its.  formation  could  trap  up  to  lOJt  of  lithium  ferrocyanlde.- 

It  Is  possible  to  determine  the  solubility  of  precipitates  very  clnply  by 
means  of  radioactive  indicators  using  a  nev  method  proposed  by  us  recently  [3]* 

The  phenomenon  of  copreclpltatlon  during  the  formation  of  precipitates  used 
In  analytical  practice  can  also  be  studied  by  means  of  radioactive  Isotopes. 

Thus  V.P.Shvedov  In  checking  on  the  oxalate  method  of  separating  calcium  fr<xa 
magnesium  by  means  of  radioactive  calcium  concluded  that  "It  i  j  possible  to  select 
conditions  vhlch  lead  to  a  decrease  in  the  copreclpltatlon  of  calcium  and  magnesium, 
but  to  eliminate  copreclpltatlon  altogether  is  probably  Impossible*  [4].  The  same 
author  In  checking  the  sulfate  method  of  separating  calcium  and  magnesium  by  means 
of  labelled  atoms  found  that  magnesium  traps  calcium  vhlle  part  of  the  latter  re¬ 
mains  In  solution  (5l. 

The  use  of  radioactive  lead  as  an  Indicator  enabled  V.P.Shvedov  In  another 
Investigation  to  propose  a  method  free  from  copreclpltatlon  for  the  separation 
of  lead  as  the  oxychloride  [6].  Undesirable  copreclpltatlon  also  occurs  In  the 

^^^^*hu8^*in^1;Se*^6ef«ra^^on”oF^^te  ortho  and  pyrophosphates  of  zinc  and  cadmium, 
Van-Straten  and  Aten  using  radlophosphoms  found  copreclpltatlon  occurs  to  the 
extent  of  from  1  to  4^  [7], 

From  the  examples  already  .cited  It  Is  clear  hov  Important  adsorption  and" 
copreclpltatlon  are  for  botl\  theory  and  practical  analysis.  Insufficient  Invest¬ 
igation  of  this  problem  Is  undoubtedly  connected  Vlth  the  difficulties  of  the 


classical  oiethods  vhen  applied  to  a  large  cumber  of  precipitates  formed  under 
various  cocdltlcns  of  precipitation. 

The  use  of  labelled  atoms  vhlch  could  facilitate  the  solution  of  these  pro¬ 
blems  has  cot  hitherto  been  systematically  applied  to  the  study  of  copreclpltatlon. 

The  present  Investigation  vas  undertaken  vlth  the  ala  of  developing  a  general 
method  of  studying  adsorption  and  copreclpltatlon  by  means  of  radioactive  Isotopes. 
As  the  object  for  developing  this  technique  ve  chose  the  widely  used  chromate 
method  of  separating  barium  from  strontium. 

Checking  the  Chromate  Method 

The  chromate  method  for  separating  barium  and  strontium  vas  proposed' by 
Frcscnlus  [8]  and  vas  subsequently  introduced  into  the  text  books  of  analytical 
chemistry  and  Into  a  number  of  All-Union  standards. 

Before  precipitation  a  fev  drops  of  acetic  acid  are  added  to  the  neutx^l  sol¬ 
ution  of  barlun  and  strontium  salts  and  the  precipitation  In  then  accomplished  by 
means  of  ammonium  chromate,  vhlch  according  to  Fjresenlus  should  be  •more  acid  than 
alkallre".  It  Is  recommended  that  the  precipitation  be  repeated  under  these  cond¬ 
itions.  The  precipitate  A  obtained  In  this  vay  Is  carefully  calcined  to  constant 
weight.  Strontium  Is  precipitated  f»*om  the  filtrates  as  carbonate.  The  latter  . 

Is  dlssol'v’ed  and  the  strontium  subsequently  precipitated  as  the  sulfate.  This 
precipitate  B  Is  also  calcined  to  constant  vel£^t. 

Fresenlus*  method  which  vas  modified  somewhat  by  Skrabal  and  Reustadt  [9l 
vas  checked  recently  by  Beyer  and  Rleman  [10]. 

Tne3e  last  authors  purely  by  calculation  found  that  harlum  chromate  should 
be  precipitated  at  a  pH  of  4.6. 

The  precipitates  vhlch  they  obtained  under  these  conditions  had  reliable 
The  veakr^ss  of  their  work  lies  in  the  absence  of  proof  that  these 
precipitates  do  not  contain  strontium. 

In  order  to  check  on  this  point  we  carried  out  a  large  number  of  separations 
according  to  the  Fresenius  method,  in  vhlch  the  volume  of  solution  vas  approximate^ 
100  ml  la  all  cases.  Results  of  one  series  of  experiments  are  adduced  in  Table  iH 

.  TABIE  1 


Separation  of  Barium  from  Strontium.  Results  of  Gravimetric  Determination 


No.  of 
expt. 

Ba  Calc,  as  BaCr04  I 

Sr  Calc,  as  SrSO^ 

Taken,  in 
mg 

1  Found  1 

Taken,  in 
mg 

Found 

Bercent 

mg 

Percent 

7 

62.5 

62.8 

100.5 

46.6 

45.8 

98.5 

8 

62.5 

64.8 

103.5 

46.6 

44.8 

96.0 

9 

62.5 

66.2 

106.0 

46.6 

43.8 

9^.0 

10 

62.5 

65.8 

105.4 

46.6 

44.0 

9^.5 

11 

111.6 

137.2 

123.5 

— 

— 

12 

111.6 

112.0 

100.5 

121.0 

119.3 

98.8 

As  tbe  results  in  Table  1  show,  gravimetric  determination  in  a  number  of  cases 
gave  completely  satisfactory  results.  In  others  however  even  for  the  determination 
of  barium,  inadmissible  errors  of  3-^31  were  obtained. 


^  V.V.Bogacbova.  carried  out  a  large  number  of  experiments  on  the  precipitation 
and  determination  of  the  activity  of  the  precipitates  obtained. 


In  soite  caucs,  os  c.g,  :;u  li,  L.w:  viior  In  thn  determination  of  bar¬ 

ium  exceeded  2^5^, 

In  order  to  explain  these  deviations,  ve  decided  to  carry  out  a  number  of 
tests  on  the  ocixiratlon  of  barium  from  strontium  by  the  chromate  method  using  the 
radioactive  isotope  Sr®®j  Its  characteristics  viz  a  half  life  of  Tso^»  55  days  and 
comparatively,  hard  3H:*ay8  make  It  suitable  for  this  purpose. 

Having  prepared  standards  containing  a  known  amount  of  strontium  and  compar¬ 
ing  Its  activity  with  the  activity  of  the  precipitates,  ve  could  easily  determine 
the  actual  amount  of  strontium  In  the  BaCr04  and  SrS04. 

Some  results  of  such  determinations  are  given  In  Table  2. 

In  Column  5, Table  2, results  are  given  for  the  gravimetric  determination  of 
BaCrOt  vhlch  agree  fairly  veil  vlth  the  amount  of  barium  actually  taken.  On  the 
other  hand  radiometric  determinations  show  tV*at  the  BaCr04  contains  about  n 
SrCr04,  This  means,  that  part  of  the  barium  Is  still  In  solution  and  Is  sub6e<3u- 
ently  precipitated  as  sulfate  together  vlth  the  strontium. 


TABI2  2 

Separation  of  Barium  from  Strontlvan,  Results  of  Gravimetric 
•  and  Radiometric  Betei'mluatloce. 


!Jo.  of 
expt. 

Amount  of 
barium 
taken  calcd. 
as  BaCr04» 

OK 

Found  In  eg  I 

Amount  of 
strontium 
taken  calcd 
as  SrS04, 
mg 

Found  In  ng 

3aCr04+ 

4SrCr04 

BaCr04 

SrCr04 

SrS044- 

-fBaS04 

SrS04 

BaS04 

13 

62.5 

63.8 

59.6 

h.2 

51.6 

50.1 

47.0 

3.1 

14 

62.5  . 

6l.k 

57.5 

3.9 

51.6 

51.1 

>*5.7 

5.4 

15 

62.5 

63.8 

59.9 

3.9 

51.6 

48.3 

2.8 

18 

62.5 

6l.>^ 

57.3 

4.1 

51.6 

50.8 

45.5 

5.6 

19 

62.5 

61.8 

57.7 

4.1 

51.6 

50.8 

45.6 

5.2 

20 

62.5 

•  62.2 

57.7 

4.5* 

51.6 

45.8 

40.7. 

5.1 

I  Similar  conclusions  were  reached  after  determining  the  specific  activity  of 

I  the  SrS04;  bhe  activity  vas  depressed  by  6-II5&,  indicating  that  a  considerable 
!  amount  of  barium  accomi)anles  the  strontium  in  the  sulfate  precipitate.  AIL  these 

j  relations  are  shown  clearly  by  consideration  of  Columns  8  and  9  lu  Table  2. 

J  These  experiments  shoved  that  the  conijaratlvely  good  results  obtained  for  the 

j  determination  of  barium  in  the  presence  of  strontliaa  by  the  Fresenlus*  method 

Is  explained  not  so  much  by  the  merits  of  the  method  but  by  the  fortuitous  coap- 
I  .  ensatlon  of  two  errors. 

I  It  Is  obvious  that  for  snail  variations  In  the  precipitation  conditions  one 

should  exi/:ct  a  considerable  change  in  the  amount  of  strontl’jm  trapped  by  barium 
and  that  this  should  lead  to  marked  deviations  In  the  analytical  results,  similar 
to  that  deviation  which  we  observed  during  consideration  of  Table  !• 

It  should  be  Interesting  to  explain  whether  or  not  the  trapping  of  stontlum 
Is  the  result  of  adsorption  on  the  barium  chromate  precipitate  or  of  copreclpltat- 
lon.  In  order  to  do  this  we  carried  out  a  number  of  experiments  which  are  describ¬ 
ed  belov. 

Investigation  of  the  Adsorption  of  Strontium  on  BaCrOt 

In  the  experiments  on  the  study  of  adsorption  ve  precipitated  BaCr04  separat¬ 
ely  as  described  above  and  only  afterwards  vas  the  solution  of  Sr®®Cl2  poured  In¬ 
to  the  beaker  containing  the  precipitate.  The  solution  and  precipitate  vere  mixed 
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several  times  In  the  course  of  1  hour,  after  vhlch  the  prei 
flltert'd  off,  vQshed,  ard  then  calcined  to  constant  velght 
precipitate  vaa  measured  with  a  counter.  Results  of  exper 
different  pH  values  are  given  In  Table  3* 

The  results  In  Table  3  show 
that  adsorption  of  strontium  on 
EaCrO^  In  add,  neutral  or  weak 
basic  solutions  does  not  exceed 
1.2^.  Only  at  a  pH  ^9*5  1®  a 
sharp  Increase  In  activity  of 
the  precipitate  observed.  This 
Is  urdoubtedly  connected  with 
the  formation  and  adsorption  of 
hydrated  oxides  of  strontium  of 
a  white  color.  The  relation 
between  adsorption  and  pH  Is 
depicted  In  Fig,  1  (Curve  6), 

;hat  in  some 


TABI£  3 

Adsorption  of  Sr  on  BaCr04  precipitates  In 
a  solution  containing  2.51*10“'*  mol/l  SrCl^. 
Activity  of  the  standard  I©  »  2800  Impulse^/ 
minute 


It  is  known 

instances  precipitates  can  be  ^  q'X  ^ 

formed  during  a  change  in  pH  I 

as  a  result  of  the  suppression  „ 

of  the  dlssocatlon  i3f  the  pre-  ^ 

clpl^^ant,ln  o>ir  case  chromic 
acid.  Hcvever  simple  calculate 
Ions  on  the  basis  of  the  soubll- 

ity  product  of  BaCr04  (Ki=2.10“^°)  [ll]  and  SrCr04  (K2=4.10”®)  [12]  and  also  of 
the  first  dissociation  constant  of  H2Cr04  (K=7.10”^)  (I3l  show  that  under  the  cond¬ 
itions  of  our  experiments  tte  precipitation  of  SrCr04  cannot  occur  In  the  absence 
of  EaCr04. 

These  calculations  together  with  the  experiments  described  above  show  that  the 
significant  trapping  of  strontium  during  the  formation  of  BaCr04  preclpltatoa  Is 
explained  not  so  much  by  adsorption  and  Independent  precipitation  of  strontium,  as 
by  Its  copreclpltatlon. 


Flg.l.  Adsorption  and  copreclpltatlon  of 
barium  and  strontium  chromates:  1-preclp- 
Itatlon  of  BaCr04  from  a  mixture  of 
2.t6*l0  mol/l  BaCla  and  2.51*10”^  mol/l 
SrCla  for  different  pH  values.  (Circles 
denote  results  obtained  by  measurement  of 
the  activity  of  Ba^*°,  while  crosses  de¬ 
note  results  obtained  gravlmetrlcallyji 
Curves  for  copreclpltatlon  of_BrCr04 
with  BaCr04  from  solutions  containing 
2.46" 10“^  mol/l  BaCla  and  different 
amounts  of  SrCl2.  Curve  2-12.3*  10”'*mol/l5 
Curve  3“2.51*10“^mol/l;  Cxirve  4-0,5* lo” 
mol/l  and  Curve  5-0.25*l0“‘*mol/lj  Curve 
6-adsorptlon  of  Sr  on  BaCr04.  All  results 
are  expressed  in  mol.  percent  in  relation 
to  the  amount  of  BaCl^  taken. 


Melts 

to 


No,  of  expt.  pH  of 

solution 

Activity 
of  ppt., 
impulses/ 
minute 

100  I 
.lo 

23  6.5 

28 

1.0 

24  8.0 

34 

1.2 

25  8.3 

32 

1.1 

26  9.0 

28 

1.0 

27  9.2 

30 

1.1 

28  9.5 

910 

32.5 

29  9.3 

1532 

54.7 

•n.o  coprccipltatlon  of  strontlura  and  barium  was  studied  In  a  wide  pH  range, 
using  the  radioisotopes  Ba^^®  and  Sr®®  os  controls. 

T1j«»  orlclr.al  solution  of  B0CI2  had  a  concentration  of  2.U6^lO*^  mol/1.  The 
concentration  of  SrCl^  In  the  same  solution  amounted  to  2.51*10  ^  mol/l.  Precip¬ 
itation  was  accomplished  either  by  the  Fresenlus  method  as  described  above  or  as 
follows. 

To  the  test  solution  about  2  ml  of  HCl  Is  added,  followed  by  on  excess 
of  ammonium  chromate.  When  these  conditions  ore  observed  the  hydrogen  Ion  conc¬ 
entration  Is  so  high  that  the  barl’oa  claomete  Is  not  precipitated.  Next  dilute 
cru.onla  (2  5^)  was  added  dropwlse  to  the  solution  until  the  requisite  pH  was  obtain 
ed.  The  p3  was  measured  after  precipitation  of  the  chromates  by  means  of  a  pH- 
me“er  lncorx>oratlng  a  glass  electrode. 

Comparison  of  both  methods  sltoved  that  the  order  of  precipitation  which  we 
proposed  leads  to  a  considerable  decrease  In  the  amount  of  strontium  trapped  by 
barium  chromate.  Aa  a  result  all  the  experiments  carried  out  henceforth  were 
ruade  by  addition  of  hydrochloric  acid  vjth  subfe  neutrcllzatloa  with  ammonia 

Instead  of  Fresenlua*’  method. 

In  the  first  series  of  exjjorimf:nt.s  vr.  ut'ec  Isotope  and  Inactive 

strontium.  Eavlng  prepared  the  •  aaloborlvm  siocdaid  and  rteasiued  the  activity  of 
tije  precipitate  at  different  pH  voli;cs,  we  got  the  results  adduced  In  Table  hm 

The  results  In  Table  4  show  that  precipitates  of  BaCr04  on  addition  of 
amonla  begin  to  be  formed  when  the  pH  On  Increasing  the  p3  the  percentage 
of  barlxra  precipitated  gradually  increases  and  at  pH«4,5  complete  precipitation  of 
barium  la  observed. 

Inwall  the  experiments  on  coprecipitation,  the  concentration  of  SaCla  was 
2.46*  10***  mol/^.*  All  the  experiments  described  below  v«re  carried  out  with  Sr®*.  . 


TA3IZ  4 

Precipitation  of  2aCr04  from  solutions  containing  2.46*10"^  BaOig  and2.5V  lo 

mol/^  SrCl^.  The  activity  of  the  standard  was  Ioa760  Icpulses/alnute. 


The  results  of  the  first  series  of  experlicents  vhlch  vas  conducted  vlthln  • 
vide  pH  range  are  given  In  Table  5* 

From  a  consideration  of  Table  5  ond  curve  3,  Fig.  1,  It  can  be  seen  that 
the  first  sign  of  coprcclpltatlon  of  strontium  is  observed  at  pH  >  1.5« 

Interesting  to  note  that  coprcclpltatlon  Increases  up  to  pH  7*2.  On  Increasing 
the  pH  further,  coprcclpltatlon  at  first  decreases  and  then  Increases  again. 

The  second  series  of  expo rime nta 
vas  carried  out  vlth  a  solution  con¬ 
taining  0.5*10"*  mol/l  SrCl2.  Results 
on  the  determination  of  the  activity 
of  strontliixz^  vhlch  increases  vlth  for¬ 
mation  of  BaCr04  precipitates,  are 
given  In  the  third  column  of  Table  6. 

In  Column  Table  6,  the  relative 
amounts  of  SrCrO^  trapped  by  BaCr04 
ore  compared.  They  are  expressed  la 
molar  percentages  in  relation  to  the 
amount  of  BaCla  tahen. 

The  results  of  our  determina¬ 
tions  are  depicted  In  Flg.l,  Curve 

The  third  series  of  experiments 
vas  carried  out  on  a  solution  of 
SrCl2,the  concentration  of  vhlch  vas 
0,25*10"*  mol/l.  Results  are  given 
In  Table  ^  and  In  Pig.  1  (Curve  5)* 

In  the  case  Just  described^  as 
In  previous  series  of  experiment^  ve 
did  not  observe  a  sharp  increase  In 
coprcclpltatlon  In  alkaline  solutions. 
This  Is  explained  apparently  by  the 
low  concentrations  of  SrCls,  which 
cannot  ensure  the  formation  of  a  pre¬ 
cipitate  of  hydrated  strontium  oxide. 

The  fourth  series  of  experiments  vas  carried  out  with  SrCla  solution  the 
concentration  of  which  vas  12.5*10"*  mol/l|  l.e^  a  molar  ratio  of  Sr:Ea  »  5sl* 

The  results  of  the  experiments  carried  out  vlth  solutions  of  this  concentra¬ 
tion  are  adduced  in  Table  8  and  in  Fig.  1  (Curve  2). 

In  the  case  of  the  comparatively  concentrated  SrClg  solution  the  maximum  c6^ 
precipitation  vhlch  is  observed  at  pH  7-5  Is  particularly  clearly  defined.  Con¬ 
sideration  of  Flg.l,  In  which  results  are  given  for  the  coprecipitation  of  stron¬ 
tium  vlth  harlum  chromate  for  various  relative  concentrations  and  at  different 
pH  values,  enables  one  to  understand  why  the  Fresenlus’  method  gives  widely  differ¬ 
ent  results  for  small,  practically  Imperceptible  changes  In  the  precipitation 
conditions. 

Precipitation  of  Barium  Chromate  at  Different  pH  Values 

In  order  to  check  the  results  we  carried  out  a  few  series  of  experiments’ on 
the  separation  of  harlum  and  strontium  by  the  chromate  method.  The  concentration 
of  the  EaCla  and  SrCl2  were  2.U6»10"*  mol/i  2.5*10”*  mol/i  respectively# 
pH  of  the  solution  vas  determined  both  before  and  after  formation  of  the  precipi¬ 
tate  by  means  of  a  pH-meter  and  glass  electrode# 


Minimum  coprcclpltatlon  occurs  at  pH 
TABUS  5 

Coprcclpltatlon  of  SrCrO^  with  BaCr04,  In 
a  solution  containing  2.46*10  *  mol/l 
EaCla  and  2.51*10"*  mol/l  SrCl2. 
lo  =  1450  Imp’ilses/mln# 


Expt. 

No. 

pH 

solution 

Activity  of  ept, 
I, Inp. /mlc. 

100  I 
In 

62 

1.8 

14 

1.0 

63 

2.3 

26 

1.8 

64 

2.7 

50 

3.5 

65 

4.2 

100 

7.0 

66 

H.9 

160 

11.2 

67 

5.0 

199 

14.0 

68 

6.3 

336 

23.5 

69 

6.5 

343 

24.0 

70 

7.3 

443 

31.0 

71 

7.6 

300 

21.0 

72 

8.5 

393 

27.5 

73 

8.9 

5® 

39.5 

74 

9.1 

572 

40.0 

77 

9.2 

622 

<‘3.5 

78 

9.9 

1432 

100 

79 

11.4 

I4i6 

99 

80 

12.4 

1431. 

100 
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6 

Coerce Ipltatloa  ot*  SxCi'04  vp.h  BaCr04 
in  a  solution  containing  2.U6'10"^ 
nol/l  BaClg  and  0.5*10“^  wcl/jL  SrCl^. 
To  '  1^20  l-Tpulees/inla 


Expt. 

No. 

pH  of 
solution 

Activity  of 

ppt. 

T,  lffio./mln. 

ICO  I 
‘5  lo 

81 

4.7 

406 

3.0 

82 

5.1 

403 

5.0. 

S5 

6.0 

721 

3.9 

84 

6.1 

648 

3.0 

85 

7.5 

906 

21.2 

86 

9.3 

1002 

13.6 

88 

10.2 

1154 

14.0 

89 

11.3 

1100 

13.6 

TABIE  7 

Copi>jcipltatlon  of  SrCr04  with  BaCr04 
In  a  solution  contal*  leg  2, 46*  10“'* 
mol/i  BaCl2  and  0.25*  L0“*  bo1/1  SrCl2. 
To  =*  1510  IrT.ulsea/ala 


Expt. 

Wo. 

pH  of 
solution 

Activity  of 

ppt. 

I,  Imp/aln. 

100  I 
10  lo 

90 

5.1 

445 

3.0 

92 

6.0 

785 

5.2 

93 

6.4 

830  . 

5.5 

94 

6.6 

756 

5.0 

93 

7.1 

724 

4.8 

97 

7.6 

620 

4.1 

93 

3.5 

7i8 

4.6 

99 

9.5 

831 

5.5 

100 

10.6 

829 

5.5 

iOl 

12.6 

846 

5.6 

The  preclpltat.;  of  EiCrOi  c-ot-tclr  l:»g  >ar1ouO  arounis  of  SrCr04  filtered, 
'washed  and  cai*u fully  calcined  to  (Precipitate  A),  The  filtrate 


TABIZ  d 

Copreclpltatlon  of  SrCr04  vlth  EaCr04 
In  a  solution  containing  2. 46 •10“* 
nol/l  BaCl2  and  12.3’10"*  nol/l  SrCl«, 
lo  »  1560  Inpulses/mln 


Expt.  1 
No. 

1  1 

solution  1 

Activity  of 

ppt. 

L  Imp.  /min. 

ICO  I 
0.2  lo 

104 

4.2 

94 

30.0 

105 

5.0 

156 

?0.0 

1C6 

5.4 

226 

72.5 

107 

7.7 

380 

75.0 

108 

8.0 

265 

85.0 

109 

8.3 

234 

75.0 

110 

9.2 

468 

150.0 

112 

9.9 

1015 

3r3-0 

va£  evaporated  and  the  stronllim  car- 
tenate  (contanlnated  with  harlua)  pre¬ 
cipitate  fomed  thereby  filtered  off, 
vasbed,  and  dissolved  In  hydrochloric 
acid. 

Ethyl  alcohol  vas  then  added  and 
the  mixture  of  sulfates  precipitated  froia 
the  solution.  The  gravimetric  deteml- 
r-atlon  of  these  sulfates  vas  carried  . 
out  by  the  usual  method  (Precipitate  B). 

Using  the  results  adduced  In  Tahirs 
4-8  and  In  Flg.l,  It  Is  easy  to  calcu¬ 
late  the  composition  of  precipitates  A 
and  B. 

R-^sults  of  such  calculations  and 
also  the  results  of  the  gravimetric 
dt’te-.'miriatlous  are  compared  In  Table  9« 


The  calculated  curves  c^nresslng  the  relarioi.s  betvecn  the  prE-clpItates  A  ard 
B  and  the  pH  are  depicted  In  Fig.  2.  Thjse  ciirves  show  that  the  ejcperlnental 
points  lie  close  to  the  calculeted  curves. 

From  e  consideration  of  Fig.  2  It  follcvs  that  on  precipitation  from  acid 
solution  pr.'-cipltate  A  has  a  ariall  v^lght,  but  on  precipitation  from  neutral  and 
alAallne  solutions  Its  velght  Is  too  much.  The  vcight  01  precipitate  B  changes 
In  the  reverse  direction.  Therefore  a  value  of  the  pH  alvays  exists  at  vhlch  a 
velght  of  precipitate  A  can  be  obtained  vhlch  corresponds  to  a  complete  separation 
of  barium.  Of  course  this  precipitate  vlth  a  "theoretical**  velght  la  really  a 
mixture  of  BaCr04  and  SrCr04.  •  - 

It  la  obvious  that  in  vorXing  out  the  chromate  method  for  the  separation  of 


TABUS  9 

Aaujunts  of  BQCr04  and  SrCrO^  J^clpltates  Olculated  from  the  Precipitation 

Curves  and  Found  Gravlmetrlcally 


Expt. 

No. 


harlua  from  strontium,  as  for  a  number  of  other  similar  analytical  methods,  the 
efforts  of  investigators  vere  directed  to  creating  such  conditions  for  precipita¬ 
tion  as  vould  ensure  obtaining  a  precipitate  of  the  expected  velght.  Under  these 
conditions,  the  precipitate  Is  determined  not  by  the  exact  pH  value  of  the  solu¬ 
tion  but  by  more  or  less  approximate  procedures  for  the  preparation  of  the  latter 

The  chemical  perception  of  good  researchers  Is  exemplified  by.  the  faci' 
that  at  the  point  coiTespopdlng  to  the  expected  velght  or  EhCr04  precipitate 
(see  Fig. 2)  the  solution  appears  actually  to  be  In  accordant^  vlth  Fr^senlus* 
observation  •biore  acid  than  alkali*.  * 


Maximum  Coprecipitation 


Th«  results  which  ve  obtained  on  the  copreclpltatlon  of  strontium  chromate 
with  barium  chromate  are  characterized  by  a  maximum  within  a  definite  pH  range. 


Fig. 2.  Relation  between  the  pH  and  the  weight  of  the  chromate 
precipitates  A  (curve  1)  and  sulfates  B  (curve  2)  during  the 
separation  of  barium  from  strontium* 


Fig. 3.  Copreclpltatlon  of  SrCr04  vlth 
BaCrO^,.  All  the  original  solutions  con¬ 
tain  2.46* lO*"*  nol/l  BaCla  and  different 
amounts  of  SrClg:  12.3*10*'*  nol/^  (curve 
2);  2.51*10"'*  mol/l  (curve  3);  0.5*10"* 
mol/l  (curve  4)  and  0.25*10"^  mol/l 
(curve  5);  Cdrve  1  shows  the  precipitation 
of  BaCr04  for  different  pH  values  and- 
curves  2-5  the  percentages  of  SrCr04 
coprecipitated* 


This  maximum  Is  particularly  clearly  shown  on  the  copreclpltatlon  pH  cvirve, 
when  the  amount  of  trapped  strontium  Is  expressed  as  a  percentage  of  the  amount 
tahen* 

Curves  of  this  type  are  depicted  In  Fig. 3.  The  pH  corresponding  to  maximum 
copreclpltatlon  In  all  cases  lies  In  the  7«2"7‘8  range  and  on  an  average  is  equal 
to  7.5. 

The  fact  that  maxlmm  copreclpltatlon  does  occur  as  we  have  shown  can  be 
explained  on  the  assumption  that  the  growth  of  BaCr04  crystals  proceeds  as  a 
result  of  the  transfer  of  Ba'*"*  and  Cr04"*  ’  Ions  from  solution.  Cocrystalllza- 
tlon  of  strontium  may  proceed  only  through  the  stage  of  adsorption  of  Sr"*^  Ions* 

Under  these  conditions  the  velocity  of  strontium  copreclpltatlon  Is  pro¬ 
portional  to  Its  adsorption*  The  latter  value  according  to  the  Langmuir  Iso¬ 
therm  lu  expressed  as  follovss 


S**  "  1  +  asr^->lSr^  +  )  +  anlH^l  +  aoH-(OH-j  (l) 

Here  <^sr  surface  of  a  growing  crystal  occupied  by'  ad¬ 

sorbed  strontium  ions;  osr'*"*'^  ojj-*-  and  aoH*  o**®  adsorption  coefficients  for  • 
strontium,  hydrogor^  and  hydroxyl  Ions  respectively. 

It  Is  clear  that  the  velocity  of  coT;reclpltatlon 

W  =  X  esr  *  _ Xaf^r-t-^tSr^-*-] _ _  * 

i  *  asx.+  +ISr++r  >  aafTd^r  *  aoij-lOH*I 


As  Is  known. 


[0H-) 


10"'^ 

Th^* 


Then  substituting  for(0H"]  In  (2)  we  get: 

*  _ 

*  1  +  asi-H-LSr"*^]  ♦  ag+l !!■•■)  +  aoH* 

In  order  to  find  the  Liaxlmum  copreclpltatlon  of  Sr  In  relation  to  hydrogen 
Ion  concentration  ve  equate  dW/d[ !!■•■)  to  zero,  Tjji  following  equation  Is  then 
obtained:  .  . 

4.  10"^‘*«aoH*  ^  /=% 


It  Is  obvious  that  maximum  copreclpltatlon  of  strontium  corresponds  to  the 
hydrogen  Ion  concentration  •  •  . 


(H^  =  10-^  .  (6) 

This  concentration  corresponds  to  the  value  of  the  pH  Indicator. 

1  au4-  ‘ 

pH  .  7  ♦  5  log  ^  •  (7) 

According  to  our  experiments,  maxlmm  copreclpltatlon  Is  observed  at  a  pH 
of  approximately  7*5*  Substituting  the  value  of  the  pH  in  formula  (7)  ve  find 
that 

i ^ 

This  means  that  if  our  hypothesis  re  the  mechanism  of  the  crystallization 
of  SrCr04  is  correct  then 

ailO,  (9)  • 

®0H^ 

l.e.,  the  hydrogen  ions  are  adsorbed  practically  10  times  better  than  the  lydroxyl 
Iona  on  the  siirface  of  the  BaCrO^  crystals. 

If  the  mechanism  which  we  have  proposed  for  copreclpltatlon  Is  correct  the 
amount  of  the  latter  should  depend  strictly  on  the  concentration  of  surface  active 
materials  in  solution. 

In  this  connection  ve  caznrled  out  a  number  of  tests  In  which  various  amounts 
of  gelatin  were  added  to  the  solution. 
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Coprecipitation  of  StroTt^JC  '/  f- 

In  the  Pre Scree  of  r*:lat  ln>  '  *  .  .  •  ;  ,  ' 


Experlxents  In  ./hlch  gelatin,  vas 
added  In  amounts  ranging  from  C.COl  lo 
0.03^  vere  carried  out.  vlth  a  solution 
containing  2.51*10”^  ooi/i  BaCla  and 
2.U6*10“^  col/i  BaCl2.  Precipitation 
vas  carried  out  either  ty  the  Fresenlus* 
method  or  o’*r  method.  Th^vse  cyTerlm- 
ents  shoved  that  wlv-n  our  tethed  Is 
adopted  the  amount  of  strontium  copre- 
clpltated  decreases  by  1,5-2  times. 

All  the  experiments  described  below 
on  the  preclplT.atloa  of  BaCrC4  lo  the 
presence  of  gelatin*  were  therefore 
carried  out  by  the  addition  of  hydro¬ 
chloric  acid  followed  by  a  gradual 
neutralization  vlth  ammonia. 

Our  experiments  showed  that  on 
Increasing  the  concentration  of  gel¬ 
atin  from  O.OOl  to  0.01^  the  amount 
of  strontium  copreclpltat.ed  gradually 
decreased.  Further  Increases  In  the 
amount  of  gelatin-  from  0,01  to  0.03^ 
did  not  have  any  effect  on  the  amo’uit 
of  strontlm  precipitated.  It  Is  high¬ 
ly  probable  that  0.01^  gelatin  Is 
sufficient  for  filling  up  the  surface 
of  the  grovlr.g  crystals  of  BaCr04.  In 
this  connection  therefore  It  Is  possible 
to  recommend  that  precipitation  of  EaCr04  should  be  carried  out  from  solutions  con¬ 
taining  strontlvaa  In  the  presence  of  O.Ol^t  gelatin-, 

Ve  carried  out  comparative  experiments  of  this  type  on  the  study  of  the  traj>- 
plng  of  strontium  during  the  precipitation  of  EaCr04  hy  Fresenlus*  scethod  and  by 
our  method  vlth  and  vlthout  gelatin*. 

The  results  obtained  are  given  In  Fig.  **.  These  cur-ves  eliow  tliat  Fresenlus* 
method  leads  to  a  considerably  higher  trapping  of  strontium  than  our  method  does, 
Copreclpltatlon  Is  even  less  when  our  method  is  used  In  conduction  vlth  the  use 
of  O.Ol^t  gelatla. 

The  rcsults  vhlch  ve  obtained  on  the  relation  betveen  copreclpltatlon  and 
the  concentration  of  the  components  of  the  solution,  and  other  parameters  enable 
the  problem  of  copreclpltatlon  to  be  considered  from  the  general  point  of  view  of 
physico-chemical  analysis, 

Physico-Chemical  Diagram  of  Correclpllatlon 

Physico-chemical  analysis  vas  first  used  by  I.V.Tananaev  for  investigating 
systems  of  Importance  In  ar.alytlca3  chemistry.  In  particular  be  studied  In  detail 
tlie  effect  of  certain  sulfates  and  nitrates  on  the  solubility  of  IbS04,  The  results 
enabled  him  to  construct  a  niacber  of  physico-chemical  diagrams  characterizing 
the  precipitation  of  lead  sulfate  under  different  conditions  (lH,15,l6], 

It  seems  to  us  that  a  pbys ici-chemical  diagram  on  the  ordinate  of  which  Is 
plotted  a  new  property  ’Copreclpltatlon*,  should  play  an  Impox^nt  part  In  analyti¬ 
cal  chemistry.  The  construction  of  such  diagrams  hy  the  classical  methods  is  a 


Flg.U,  Trapping  of  strontium  during 
precipitation  of  BaCr04  by  Fresenlus* 
method  (Curve  1),  by  our  method  (Curve 
2)  and  by  oar  method  in  the  presence 
of  O.Ol^t  gelatin.  (Curve  3).  In  all 
the  experiments  the  solutions  contained 
2. ’^-10'^  mol/1  BaCla  and  2.51*10”* 
mol/l  SrCl2. 


very  difficult  problem.  The  method  of  radioactive  Indicators  as  ve  have  shown  In 
the  present  article  allows  this  problem  to  be  solved  fairly  easily.  Such  a  method 
has  not  hitherto  been  described  In  the  literature  [l7l. 

Two  dimensional  physico-chemical  diagrams  of  *copreclpltatlon  pH"were  given 
la  Figs.  1  and  2,  The  results  which  we  obtained  for  copreclpltatlon  at  different 
relative  concentrations  of  Sr/Ba  and  at  different  pH  values  allows  a  three  dimen¬ 
sional  physico-chemical  diagram  of  cocreclpltatlon  of  the  type  shown  achematlcally 
in  Fig.  5  bo  be  drawn. 

The  amount  of  copreclpl^atlon  ev.trrssed  as  a  rercentage  of  the  amount  of 
barium  taken  Is  plotted  alorg  the  vertical  a»ls  A  while  the  pH  values 
and  the  value  of  Sr/Ba  are  plotted  ou  the  horizontal  axis  of  the  three  dimensional 
diagram,  respectively 

The  amount  of  coprecJpltatlon  is  characterized  by  a  complex  surface  with  a 
crest  and  a  hollow  corresponding  to  maxlmimi  and  mlncm  values  of  the  amount  of  str¬ 
ontium  In  the  precipitate.  The  6i>atial  disposition  of  this  surface  relief  Is  also 
shown  hy  a  consideration  of  Figs.^  and  6, 

By  means  of  the  copreclplt.atlon  diagram  It  is  possible  to  choose  rationally 
conditions  for  subsequent  precipitation  of  BaCrO^  such  as  will  ensure  obtaining 
a  precipitate  of  the  requisite  purity  with  a  mlnlnum  waste  of  time  and  labor.  . 

To  achieve  this  end  it  is  necessary  to  carry  out  subsequent  precipitations  under 
those  conditions  where  the  line  of  the  process  corresponds  to  a  minimum  copreclp- 
Itatlon  of  strontium  for  complete  precipitation  of  barium.  As  shown  In  Fig.  1, 
this  condition  Is  observed  at  a  pH  of  5*  The  value  of  the  pH  should  he  ^onti’oUed 
by  means  of  a  pH  meter. 

If  precipitation  Is  carried  out  hy  Fresenlus*  method  In  equimolar  solutions 
at  a  pH  of  5,  about  ^0^  of  strontium  Is  trapped. 

The  order  of  precipitation  proposed  by  us  (addition  of  hydrochloric  acid  and 
gradual  neutralization  with  ammonia),  decreases  the  amount  of  strontium  trapped  to 

12*. 

Finally  our  method  In  conjuctlon  with  the  use  of  0.01^  gelatin  lowers  the  ' 

amount  of  strontium  coprecipitated  .to  656. 

# 

It  Is  possible  hy  using  a  physico-chemical  diagram  of  copreclpltatlon  to  ‘ 
start  with  a  solution  containing  equivalent  amounts  of  harlvna  and  strontium  and^ 
by  precipitating  twice,  separate  barliom  containing  less  than  1^  strontium  completely, 
and  get  complete  agreement  with  theory. 

To  get  such  a  result  by  means  of  the  old  empirical  method  would  necessitate 
not  less  than  4  repreclpltatlons. 

The  method  of  Investigating  copreclpltatlon  with  the  aid  of  radioactive 
isotopes  Is  of  a  general  character  and  can  be  applied  for  Investigating  a  large 
ninber  of  different  systems  which  are  important  in  analytical  chemistry. 

SUMMARY 

1.  A  general  metho<*^*l^s  been  worked  out  for  Investigating  copreclpltatlon 
by  means  of  radioactive^' indicators. 

2.  The  relation  of  copreclpltatlon  of  SrCr04  and  BaCrO.^  to  their  relative 
concentratlone  and  at  different  pH  values  has  been  studied.*.'  • 

3.  Maximum  copreclpltatlon  was  found  to  occur  at  a  definite 

A  new  property  Is  introduced  into  physico-chemical  enalysli^  •coprecip¬ 
itation**,  and  a  three  dimensional  diagram  Is  constructed  for  tte  copreclpltatlon 
of  strontium  chromate  and  barium  chromate.  . .  *  .  ■ 


Fig.  5»  Three-dimensional 
diagram  of  coprcclpitatlon 
of  Sr  and  BaCrOa  at  differ¬ 
ent  values  of  Sr/Ba  and  pH. 


5.  By  means  of  the  thrce-dlraersloral  ^ 

physico-chemical  diagram  of  coprcclpitatlon,  ^ 

Improvements  are  Introduced  Into  the  chromate  W  t 

method  for  the  separation  of  barium  from  ^  ./  /  \l  \ 

strontium.  I 
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It  Is  veil  Icnovn  that  the  fluoride  Ion  does  not  fonn  colored  compounds,  la 
order  to  determine  fluorides  colorimetries lly  therefore  their  px^>perty  ol  decolor¬ 
izing  colored  compounds  of  certain  metals  Is  used.  The  complexes  of  zirconium  or 
thorium  with  alizarin,  ferric  thiocyanate  and  the  compound  of  titanium  with  hydrogen 
peroxide  are  most  often  used  as  the  colored  complexes.  The  determination  of  fluor¬ 
ides  by  means  of  zirconium  and  thorium  complexes  and  also  of  Iron  cannot  be  carr¬ 
ied  out  In  the  presence  of  sulfates  and  phosphates,  since  these  anions  give  rise 
to  practically  the  same  decolorizing  effect  as  the  fluoride  Ion, 

This  drawback  of  coixrse  Is  connected  with  the  use  of  zirconium,  thorium,  and 
Iron  and  car*not  be  eliminated  by  the  substitution  of  the  alizarin  or  thiocyanate 
complexes  with  some  other  colored  comTX}unds  of  these  metals. 

The  drawback  of  the  peroxide  Compound  of  titanium  as  a  reagent  for  fluorides 
Is  the  low  sensitivity  of  the  reaction  which  is  determined  by  the  weak  color  of 
the  titanium  peroxide.  The  sulfate  Ions  do  not  Interfere  appreciably  because  they 
d'  not  form  stable  complexes  with  titanium,  Ihosphates  in  small  amounts  also  do 
not  interfere  with  the  determination.  In  order  to  detect  fluoride  Ions,  therefore^ 

It  Is  expedient  to  use  colored  complex  compounds  of  titanium,  which,  however,  have  a 
higher  molar  concentration  of  absorption  than  titanium  peroxide  complexes. 

The  Sensitivity  of  Reactions  for  the  Fluoride  Ion  Using 
Certain  Colorea  Complexes  of  Titanium 

The  most  characteristic  expression  of  the  sensitivity  of  a  color  reaction  is 
the  molar  coefficient  of  absorption  of  colored  compounds.  Results  are  given  in  the 
diagram  of  absorption  curves  for  certain  colored  complexes  of  titanium  with  a  ser¬ 
ies  of  reagents  such  as  hydrogen  peroxide  (Curve  1);  alizarin  (2)j  pyrocatechol  (3)# 
tannin  (U),  chronotropic  acid  (5).  The  curves  were  obtained  by  measuring  the  absoip- 
tlon  hy  means  of  an  FM  photometer  fitted  with  various  light  filters.  The  sol¬ 
utions  were  prepared  as  follpvs;  In  all  cases  a  ten-fold  excess  of  reagent' of 
reagent  with  respect  to  titanium  was  used.  This  ensures  that  the  titanium  Is  all 
combined  as  the  complex.  The  concentrations  of  the  colored  solutions  with  respect 
to  titanium  was  always  0,0002  M  with  the  exception  of  the  peroxide  compounds.  In 
the  case  of  the  j>eroxldes  0.1  H  solution  with  respect  to  titanium  was  used.  The 
pH  of  the  solution  was  1  (for  the  peroxides)  and  3  for  the  remainder.  The  results 
adduced  In  the  diagrams  chow  that  of  the  groups  studied  the  most  sensitive  reagent 
for  titanium  is  chromotropic  acid.  The  molar  coefficient  of  absorption  of  the 
tltanlum-chromotroplc  acid  complex  was  roughly  100  times  that  of  the  peroxide 
compound  of  titanium. 
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The  colored  compound  of  the  metal  can  be  used  as  a  reagent  for 
the  fluoride  Ion  only  when  the  fluoride  complex  of  the  metal  under  certain 
conditions  Is  more  stable  than  the  colored  complex  of  this  metal. 

In  order  to  solve  this  question  for  the  titanium  complexes  Indi¬ 
cated  above,  the  following  experiments  were  carried  out.  The  minimum 
amount  of  sodium  fluoride  necessary  for  half  decolorizing  the  given  com¬ 
plex  was  determined,  the  concentration  of  complexes  being  selected  so 
that  the  Intensity  of  their  colors  was  approximately  equal.  Each  solution 
was  divided  up  Into  two  lots  of  10  ml  each.  One  lot  was  diluted  by  the 
addition  of  an  equal  volume  of  water,  while  the  other  lot  was  titrated 
with  0.02  M  sodium  fluoride  solution  from  a  microburet  until  the  colors  of 
the  first  and  second  lots  were  the  same.  The  results  are  given  In  the 
Table. 

It  V'lS  found  ^'*^t  the  tltanlum-chroaotroplc  acid  reagent  needed  the. 
smallest  a^.or  -.t  *  .  aodlm  fluoride.  Thus,  the  most  suitable  reagent  for 
the  fluo/'lJt  ion  Is  this  complex  of  titanium  and  chromotropic  acid,  which 
sa*’  Isfles  thn*  above  conditions. 


•iffjct  of  pH  on  the  Color  Intensity  of  the 
'  *.tanixga-Ghron-otroplc  Acid  Complex 

In  wl.dt  solutions  of  titanium  salts  ...should  not  hydrolyze 

they  shoujd  contain  excess  mineral  acid.  The  pH  of  the  solution,  how¬ 
ever,  affects  the  color  Intensity  of  the  tltanlum-chroaotroplc  acid  com-  . 
plex.  In  strong  add  media  a  compound  is  formed  which  Is  colored  bright 
red,  the  intensity  of  the  color  Increasing  on  increase  of  the  pH  iintll^  a  . 
naxlnua  is  reached  at  a  pH  of  3.  On  Increasing  the  pH  further  (pH  5)» 
the  solution  changes  color.  .The  red  complex  acquires  a  yellow  color,  which 
Is  not  decolorized  on  the  addition  of  fluorides.  '  A  pH  of  3  Is  therefore 
the  optimum.  The  necessary  hydrogen  Ion  concentration  Is  attained  by  . 
use  of  a  buffer  of  nonochloracetlc  acid  and  its  salts.  In  the  following 
experiments  we  used  a  0.1  H  solution  of  monochloroacetlc  add,  half  neutral¬ 
ized  with  0.1  H  alkali.  The  pH  of  this  mixture  Is  2.05. 


Increasing  the  Sensitivity  of  the  Reaction  and 
Preparation  of  the  Reagent  for  the  Color  Reaction 

In  the  presence  of  fluoride  ions  the  red  color  of  the  titanliua-chromo- 
troplc  add  complex  weakens  as  a  result  of  the  formation  of  the  complex 
ion  [TlF]^'*’  or  (TlOPj'*’.  The  free  chrcmotroplc  add  which  separates  out 
during  this  reaction  Is  practically  colorless.  Thus,  the  presence  of 
fluorides  Ibads  to  a  weakening  of  the  color.  It  is  accepted  that  the  eye 
is  far  more  sensitive  to  change  in  color  that  to  a  weakening  of  the  color. 
The  change  in  color  will  be  more  evident  If  a  blue  dye  which  is  stable  In 
add  media  such  as  methylene  blue  is  added  to  the  solution  of  the  titanium- 


Reagent 

Cone,  of  j 
titanium. 

In  mol. 

Cone,  of 
reagent^ 

In  mol. 

Amount  of 

0.02  mol 

NaF,  necess¬ 
ary  for  de- 
colorlzatlon 
of  solution 
by  5056,10 
:ai. 

Chromo- 

•troplc 

acid 

10‘® 

10’® 

0.2 

Tannin 

10“® 

.  0.3 

Pyrocat- 

echol 

10'® 

10'® 

0.4 

Alizarin 

10"® 

10'® 

0.6 

Hydrogen 

peroxide 

2,5-10“® 

3-10“® 

0.8 

chroaotroplc  acid  complex.  The  mixture  of  this  dye  vlth  the  red  titanium- 
chronotropic  acid  complex  has  a  hrovn  color.  On  addition  of •  ' fluoride 
Ions  a  fairly  sharp  chance  In  the  color  of. the  solution  from  brown  to  blue' 
can  be  observed.  This  enables  very  small  changes  In  the  color  .of  the  solu¬ 
tion  to  be  observed  and  Increases  the  sensitivity  of. the  reaction^  **  ' 
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Reagent. 

1)  Solution  of  titanium  sulfate;  1.6  g  of  the  basic  titanium  sulfate  TIOSO4 
Is  dissolved  In  50  ml  sulfuric  acid  (1:1)  vlth  heating.  The  solution  Is  diluted 
vlth  vater  and  the  titanium  hydroxide  precipitated  vlth  ammonia.  This  precipitate 
Is  filtered,  vashed,  and  dissolved  In  50  ml  of  1.5  mol/l  sulfiurlc  acid.  The  voliaae 
of  solution  Is  made  up  to  ICX)  ml  vlth  the  same  acid  solution.  An  approximately 
0.1  M  solution  of  tltanlm  sulfate  Is  thus  obtained.  The  exact  strength  is  deter¬ 
mined  gravlnetrically.  This  solution  serves  as  the  baas  solution  for  making  up  lees 
concentrated  solutions. 

2)  A  solution  of  chroaotropic  acid  (1,8-dlhydroxynaphthalenesalfonic  acid)  is 
prepared  by  dissolving  O.V  g  of  the  dry  compound  In  1  liter  of  vater.  On  stand¬ 
ing  the  solution  darkens;  it  is  better  therefore  to  use  freshly  prepared  reagent. 

5)  A  0.01^  solution  of  methylene  blue  in  vater. 

4)  Buffer  solution.  0.945  g  of  monochlor acetic  acid  is  dissolved  in  100  ml 
of  vater  (0.1  mol/l  solution).  25  ml  of  this  solution  is  titrated  vith  0.1  H  NaOH 
using  pbenolphthalein.  To  the  remaining  solution  of  monochloxacetid  .  acid  0.1  I 
alkali  is  added  so  that  the  solution  is  half  neutralized.  The  pH  of  ths  final 
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solution  Is  eqjal  to  jX  for  mc’'ccH',orcnc.r* ncii  f.^,95). 

For  the  determli^aMon  oi*  fijcrld-s  In  so.u'^lor  «  r^agerr^  Is  rret^red  which  . 
Includes  the  foliowlrg  com^ne'-ts;  5  ^  ^  xC“'-  ffx)l/lllcr  solution  of  titanium 

sulfate,  1  ml  of  a  10"*  mol/llter  ^olutlc;  o»’  crircao’/rcilc  acid,  1  ml  of  the 
methylene  blue  solution,  a*;d  1  a:  of  the  hjfftr.  Tin-  nagif.t  cau  be  stored  for 
several  months  In  a  dark  flace.  .  ,  ,  . 

1  ml  of  the  reagent  Is  od'ied  *0  1-^"  tnl  of  the  test  ho  I  ut  Son,  TSve  rresence 
of  U  Jig  of  fluoride  ions  In  this  volume  gives  rls-  to  an  ln3»iedla*-e  chjinge  In 
color.  For  Icwer  cor  Cent  rat  Sots  of  tlcorll  *-!v:  nc'.or*  charge  only  occurs  after 
some  time.  Th*s,  If  the  riuorlix-  co’.tcut  :o  0.-  j»a,  color  changes  alter  10- 
15  minutes.  If  the  reagent  Is  usvd  -fiiroi*  a  dye  .ir-irthylerfe  blue),  the  minimum 
amount  of  fIuoi«de  necessary  to  ca^se  au  cl -i-rvarkle  char  ge  ia  color  asiounta  to 
^  Jig  In  2  ml.  Lower  corcentratSous  e/en.  a!tc:r  iOtg  atanJlrg  cause  no  appreciable 
decolorlzatloa  of  the  rtiagr;nt, 

Dror  Technique  fer  Carryirsr  Cut  the  Reaction 


The  tltanlua-chroniotrorlc  acid  cctplex  Is  cnly  weakly  fl-red  by  filter  paper, 
and  as  a  result  It  Is  easily  •ashed  off  by  plain  va^.-r,  while  decolorlzatlon  of 
the  spot  occurs.  It  Is  more  converient  to  '.ce  the  drop  technique  on  cellophane. 
For  this  purpose  the  cellophane  la  gl^'en  a  preliminary  treatirenh  In  tha  course 
of  1  hour  with  10^  alkali  at  50*.  celloi-ha-e,  w'cen  treated  !n  this  way.  Is 

easily  colored  by  the  reagent  ml>.ture  conslctlrg  cf  the  fcLjowlng  comronents: 

1  ml  C.Ol  Tcol/llter  titanium  S’ulfa*e,  1  ml  cf  C.Ol^t  methylene  bl*.ie,  and  0.01  g 
chromotropic  acid  (added  In  the  dry  state  so  as  rot  to  dilute  the  solution). 

The  cellophane  Is  Immersed  In  this  solution  for  5-8  mlcutes  and  then  withdrawn; 
drops  of  liquid  are  removed  with  a  filter  paper,  and  ♦he  cellophane  dried  la  the 
air.  Cellophane  test  papers  can  be  stored  for  several  mccths  in  a  closed  vessel 
In  the  dark. 

The  cellophane  test  paper  has  a  reddish-brown  color;  If  a.  drop  containing 
fluoride  Ion  is  placed  on  It,  a  blue  spot  appears.  It  should  be  noted  that  the 
chrcmotroplc  acid  complex,  though  only  slowly.  Is  nevertheless  eventx:ally  washed  • 
off -the  cellophane  by  water.  Therefore,  If  the  change  la  color  of  the  spot  takes 
a  long  time  (20  minutes  and  more)  the  reaction  cannot  be  regarded  as  conclusive. 
The  sensitivity  of  the  reaction  Is  1  jig  and  the  limiting  dilution  1:50,000, 

Effects  of  ether  Icca 

Sulfates,  even  In  large  amounts  do  not  Interfere.  Fheaphates  cause  a  change 
In  the  color  of  the  reagent  In  the  seme  way  as  fluorides;  nevertheless,  the  change 
as  the  result  of  phosphate  action  Is  much  slower.  It  was  established  that  0,01 
mol/llter  of  a  phosphate  solution  In  the  course  of  5  minutes  decolorizes  the 
reagent  mixture  to  the  same  extent  as  0,001  mol/llter  sodium  fluoride  solution. 

The  sensitivity  of  the  tltanlum-chroirctroplc  acid  reagent  towards  eillco-.  . 
fluorides  (fluoslllclc  acid  and  slllco  tetra fluoride)  Is  same  as  to  the 
fluorides. 

•  •  SUMMARI  -  .  •  • . 

1.  A  new  color  reaction  for  the  fluoride  Ion  Is  proposed  which  Is  based 
on  the  use  of  a  titanlum-chromotroplc  acid  complex,  and  by  means  of  which  0.2-2 
mg/llter  of  fluoride  ion  can  be  detected. 

_  •  • 

2.  The  reaction  can  be  carried  out  by  a  drop  technique  on  cellophane.  The 

sensitivity  Is  1  ;|g  of  fluoride  Ion  at  a  limiting  dilution  of  1:50,000. 

3.  The  reaction  can  be  carried  out  In  the  presence  of  large  amounts  of 
sulfate,  but  In  the  presence  of  phosphates  the  reaction  Is  not  reliable. 

Received  April  26,  1952..  ."•  /  '  V.  . 
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QUANTITATIVE  ANALYSIS  OP  GLASSES  OF  THE  SYSTEM  NogO-  CaO 
ON  THE  BASIS  OF  THEIR  PHYSICO-CHEMICAL  PROPERTIES 


All  Union  Scientific -Research  Ceramic  Institute-  Moscow 


In  our  article  on  "Quantitative  Analysis  on  the  Basis  of  the  Physico- 
Chemical  properties  of  the  Components'*  ^  ve  aimed  at  Indicating  the  possibility 
of  quantitative  physico-chemical  analysis  of  the  comjjonents  of  this  system.  In 
vhlch  ve  confined  ourselves  to  Introducing  one  Interpolated  equation  embracing  • 
family  of  curves  depending  on  one  parameter  for  each  property.  In  this  vay  tbe 
problem  resolved  itself  Into  a  solution  of  linear  equations. 

In  the  present  article  In  order  that  the  practical  side  may  be  simplified 
ve  propose  a  graphical  representation  of  the  Individual  properties  (Figs.  1  and  2\ 
so  that  composition  can  be  determined  from  a  consideration  of  the  points  of  inter¬ 
section  of  lines  representing  equal  properties. 


Fig.  1.  Density  of  glares  of  the  system  Na20  r  CaO  -  SiOz- 


Proceedings  of  the  Commission  on  Analytical  Chemistry,  Vol,8, 1952 


Thus  on  one  triangular  diagram  ve  plot  softening  temperatures  and  refractive 
Indices  and  on  the  other  the  specific  gravities  for  the  same  compositions;  the 
point  of  Intersection  can  be  found  by  superposing  tranajjarent  paper  copies  of  the 
two  diagrams  on  each  other.  In  order  to  vlden  the  scope  and  Increase  the  accuracy 
of  the  analysis,  ve  used  8  Interpolated  equations  as  the  basis  of  our  calculations 
for  the  families  of  curves  corresponding  to  these  three  properties,  . 

It  should  be  noted  that  If  the  experimental  results  used  as  the  basis  of 
calculations  are  not  reliable  enough  In  some  cases  It  might  be  necessary  to  resort 
to  the  method  of  least  squares  for  calculation. 

As  examples  ve  adduce  comparisons  of  the  compositions  as  determined  by  analyses 
vlth  those  calculated  on  the  basis  of  physico-chemical  properties.  Results  are 
given  In  tabular  and  graphical  fora. 


Fig, 2.  Refractive  Indices  and  softening  temperatures  of 

the  glasses  of  the  system  'HazO  —  CaO  -  SIO2  (vt.  5I), 


ll» 


TABLE  (Continued) 


Analyzed  composition 

In  percent 

[  Phyalco-cbrriLlcal 
constants  of  the 

Components  In  percent'  calculated 
on  the  basis  oft 

composition  HapO, 

CaO.  filOo. 

n  and  t 

n  and  d 

average 

composition 

Ka20 

17.8 

17.2 

18.2 

17.7 

CaO 

16 

16.3 

16 

16.1 

SIQ2 

66.2 

n-i.540;  t-595'’ 
d^2,501 _ 

66.5 

65.8 

66.2 

naaO 

20 

19.7 

20.2 

19.9 

CaO 

20 

20 

20 

20 

SIC2 

60 

60.3 

59.8 

60.1 

NaaO 

12.3 

12.3 

10.4 

11.2 

CaO 

13.1 

13.1 

14.6 

13.6 

S102 

T**.? 

n»1.5211;  t:=627* 
d=2.496 

7‘>.7 

75.5 

75.2 

SUMVARY 

!•  The  practice  of  quantitative  phys Ico-chcnlcal  analysis  can  “be  consl- 
deralily  slrpllflcd  by  graphical  reprecenlatloa  of  Individual  properties. 

2.  The  accuracy  of  the  aralyals  of  the  conponents  of  a  complex  systea 
can  be  considerably  increased  by  increasing  the  number  of  the  Interpolated 
equations. 

Received  March  12^  1952 
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THE  QUANT ITATr.T:  DETEPK INAT ICH  CF  TPIVAIENT  n^CN  BY  MEANS  CF  TCTRABOBATB 


Shchigol  ard  N.  B.  Burchlnskaya 


Klc*y  M.:dlcal  Institute 


Existing  nhsthods  for  the  quantitative  d»;tentlnatlon  of  trlvalent  Iron  for 
the  most  j.art  corslst  essentially  In  reducing  It  ♦o  the  bivalent  stage  vhen  It  Is 
titrated  vlth  different  oxldlzlr^  agents 

Very  little  light  has  been  throvn  on  the  direct  determination  of.  trlvalent,. 

Iron  [5,6],  The  development  of  a  direct  method  Is  a  very  Important  practical 
problem. 

Shchlgol*  s  Investigations  have  shown  that  soluble  salts  of  aluminum,  chromium 
and  other  elements  react  easily  acd  quantitatively  with  the  tetraborate  Ion  to 
form  new  complex  compounds  of  the  ccmp-osltion  [MeB^07]‘*‘  or  [Me(B02)2B203l  ’and  '  • 
[Me2{B407]3)  or  [J-!e2(B02)o'3I^Q3]*We  found  that  ferric  Ions  In  dilute  solutions 
also  react  quantitatively  with  tetraborate  to  form  similar  complex  Iron  borates. 

I>jrlng  the  potent lome trie 
titration  of  aqueous  solutions  of 
ferric  chloride,  the  brown  titration 
4f|  i  .  mlxt'ores  gradually  acquire  a  yellow- 

^  M  ■  '  orange  color.  One  drop  In  excess  of 

J\  borate  after  the  equivalence  point 

I  1  leads  to  the  formation  of  a  preclpl- 

I  1  .  ■  '  •/  *  tate.  which  Is  obviously  the  result 

I  I  '  •  of  the  break  down  of  a  complex,  -  A 

•  •  •  I  1  Dvnnbor  of  potential  jumps  are  ob- 

itc--  l\'  served  on  the  titration  cuurve  (Flg.l^ 

I  .  1  •  the  first  —  a  small  one  —  represents 

■J  1  .  a  compound  In  which  1  g-lon  of  Iron 

I  I  ,  corresponds  to  .1  g-lon  of  tetraborate 

[FeB^C?]^,  the  second -a  large  one -la 
of  practical  significance  and  represents 
an  equivalence  point  at  which  2  g-lon 
of  Iron  corresponds  to  5  g-lon  Of  tetra¬ 
borate  [Fe2(B407)3]  3  The  re¬ 

action  proceeds  according  to^the  follow¬ 
ing  equation. 

2Fe^^  +  3B4O72-  [Fe2(B407)3]. 

The  third,  fourth,  and  fifth 
potential  Jumps  Indicate  a  gradual 
break  down  of  the  complex  compound 
with  the  formation  of  basic  salts  and 
finally  of  ferric  hydroxide.  According 
to  the  extent  of  the  decrease  in  concentration  of  the  titrated-  Iron  salt  the  Jump 
increases. 


Fig.  1.  Titration  of  1  ml  0.057  »  FeCU 
with  0.1  N  Ha2B407. 


It, Is  pertlxent  to  speculate  on  the  nature  of  these  potential’  Jumps  after  the 
equivalence  point.  - 


In  order  to  onsver  this  question  the  following  experiments  were  carried 
out;  2  ml  of  0.08  N  FeCla  solution  was  placed  In  a  25  ml  atandard  flask  and 
10  ml  water  and  1.6  ml  of  0.1  N  Na2B407  solution  added.  The  mixture  was  heated 
on  a  water  bath  until  a  complct«?ly  clear  solution  was  obtained.  On  cooling^  on 
excess  of  borate  was  added;  for  the  first  experiment  of  the  Initial  amount 
of  borax  was  added  (0.52  ml  of  the  0,1  N  solutlon^l.e,  Ya  of  1.6  ml);  for  the 
second  (l.OU  ml); and  for  the  third  ^3  (1.6  ml).  The  respective  solutions 

were  then  made  up  to  the  mark  with  water  and  filtered,  10  ml  of  the  filtrate  la 
the  presence  of  the  sane  volume  of  glycerol  was  titrated  with  0,1  N  NaOH  using 
phenolphthalela  as  Indicator.  The  results  of  some  of  these  experiments  are 
given  In  Table  1. 


TAB1£  1 


FCC13 

Amount  of  0.1  N 
solution  takeiv 

In  ml 

0.1  N  NaOHr  in  ml 

Amount^  in  ml,  of 
0.1  n  BO2  in  the 
basic  salt 

Number  of  BO2 
groups  In  basic 
salt 

i;a2B407 

initial 

Iia2B407 

excess 

Reqd. 

Excess 

1.6 

1.6 

0.52 

3.72 

3.30 

0.42 

2 

1.6 

1.6 

1.04 

4.24 

3.96 

0.28 

1 

1.6 

1.6 

1.5 

4.8 

4.73 

0.07 

— 

4.0 

4.0 

1.34 

9.}'» 

8.04 

1.3 

2 

4.0 

2.68 

10.68 

10.12 

0.56 

1 

4.0 

4.0 

4 

12 

11.90 

0.1 

— 

1.6 

1.6 

3.2 

6.4 

6.1 

0.3 

1 

On  the  basis  of  these  results  the  number* of  BOa  groups  in  the  basic  salt  can 
be  calculated.  Thus  In  the  first  experiment  for  each  EO2  group  0,266  ml  of  0.1  H 
KaOH  was  required  (1,6  ml  of  OJl  N  Na2B407  Is  equivalent  to  3«2  ml  of  0.1  N  BOS; 
each  BOS  group  »  3.2/12  =  0,266  ml*  0,1  N  KaOH).  Thus  In  the  first  experiment  two 
BOS  groups  enter  Into  the  composition  of  the  basic  Iron  salt^  while  In  the  second^ 
one  BOS  group  Is  Involved.  The  equations  for  these  reactions  can  therefore  be 
represented  as  follows: 

(302)2 

lFe2 (3407)3]  +  3407^*  +  8H2O  — >•  Fe  +  Fe(0H)3  ^  2B0S  ♦  I2HBO2; 

OH 

(3rd  Jump  on  the  'curve  In  Flg.l) 

(Fe(BQ2)20H]  ♦  B4O72*  ♦  2H2O  Fe(B02)  (0H)2  ♦  2B02*  ♦  3HBO2; 

..  .  ■  •  (**t^  JU®P)  •  *.  \)  (  >  )..  ’  •i.”  ' 

[Fe(B02)(0H)2)  +  3407^“  ♦  2H2O  — >  Fe(0H)3  -f  23Q2*  ♦  3HBO2. 

.  -  (5th  Jump) 

The  last  experiment  shows  that  ferric  hydroxide  reacts  with  boric  acid  to 
form  a  basic  salt  possibly  as  follows: 

2Fe(0H)3  ♦  3407*“ — ►  Fe(0H)3-Fe  (302X03)2  ♦  2BQ2*  ♦  HBQ2. 

It  should  be  pointed  out  that  the  basic  borates  of  Iron  were  synthesized  and 
studied  by  Rose  (7);  he  ascribed  to  them  the  formulas  4Fe203* 30203 *9320  or 
6Fe(BQ2)  (0H)2*2Fc(0H)3^  In  addition  the  basic  borates  occur  In  nature  as  minerals 


such  as  fonsenlte  and  also  enter  Into  the  corajcoaltlon  of  Indersk 

borates  vhich  are  found  In  the  I'SSR, 

In  order  to  study  the  complex  iron  borates  further  these  salts  vere  poten« 
tlometrically  titrated  with  0,1  N  HCl  and  R2C204  la  aqueous  alcohol.  The  titra¬ 
tion  is  represented  In  Fig, 2,  When  KCl  is  used,  3  potential  Jumps  can  be  observed 
on  the  titration  curve  according  to  the  number  of  B4O7  groups  composing  the  Inter¬ 
nal  sphere  of  the  complex.  The  reaction  proceeds  as  follows: 

lFc2(B407)3l  2HC1  ♦  5H20  — f Fe2(B407)2Cl2]  ♦  UBaBOs, 

lFe2(B407)2Cl2)  +  2’KCl  ♦  5H2C  — (Fe2(B407)Cl4l  ^^HaBOa, 

[Fe2(B407)Cl4l  ♦  2aCl  5B2O  — ►  [Fe2Clo)  4H3BO3. 


Ac4 A  £otuti»n  11  mI 

Fig, 2.  Titration  of  1  icl  0,0U8  N  complex  with  0,1  K  HCl 
(Curve  1)1  the  same  with  0.09^  N  H2C2O4  (Cxirve  2), 

When  oxalic  acid  is  used  for  titration,  only  two  Jumps  are  observed.  The 
third  Jump  is  absent.  This  may  be  explained  if  it  is  assumed  that  [Fc2(B407)3l 
is  a  mult I'nuclear  .complex  compound  (FeB407]  [Fe(B407)2l.  Obviously  in  this  case 
only  two  so  called  "anionic”  groups  of  8407^”  are  titrated;  the  cationic  group 
B407^*  does  not  titrate  since  in  all  probability  the  instability  constant  of 
(Fe(B407))'*‘  is  less  than  or  equal  to  that  of  (FeC204]*, 


In  order  to  determine  the  instability  constant  of  the  iron  borates  we 
studied  the  equilibrium  in  the  systems  (Fe2(B407)3j  —  KSCN  and  (Fe2  (2407)3]  — . 

r  ^^21 

CH3C00Na,  The  instability  constants  for  [FeCNS]'*^  and  IFe  I  have  been 

L  H20J 


have  been 


determined  by  Babko  (10,12).  This  in  conjunction  with  the  experimentally  det¬ 
ermined  equilibrium  constant  enables  the  instability  constants  of  the  iron 
borates  to  be  calculated. 

>'|Fe2(B407)3) 

The  average  value  of  ^(762(2407)3)  0.7*10"i2,  while  K[FeB407]'*’  * 

Of  a  number  of  other  physico-chemical  methods  of  investigating  complex  coa- 
pounds  in  solution  we  used  the  cryosccplc  and  specific  electro-conductivity 
methods  for  the  system  FeCla-—  Na2B407.  -  • 

Cryoscopy  as  a  physico-chemical  method  of  analysis  was  proposed  by  FialkoT 
and  Muzika  [8]  and  is  based  on  the  fact  that  in  a  system  where  complex  formation 
occurs,  the  amount  of  particles  in  solution  is  not  additive,  but  depend^  on  the  • 


cocposltlon  and  properties  of  the  complex.  The  change  In  the  number  of  particles 
as  a  result  of  the  formation  of  a  new  compound  should  be  reflected  In  the  extent 
of  the  depression.  Aqueous  solutions  of  the  FeCla—  Na2B407  system  were  subjected 
to  test.  The  procedure  was  as  follows;  to  an  aquous  solution  of  FeCla  was  added 
a  gradually  Increasing  amount  of  borax  and  the  freezing  i>olnt  determined.  The 
Beckmann  method  was  used.  Since  on  Interaction  of  FeCla  and  Na2B407  an  equivalent 
amount  of  NaCl  Is  formed  which  affects  the  freezing  point  of  the  system,  prelim¬ 
inary  freezing  joint  measurements  were  made  on  aqueous  solutions  of  the  system 
FcClo-NaCl  where  the  variable  was  NaCl,  Results  are  given  in  Table  2  and  Fig,  J, 

TABIZ  2 


i 

i 

I 


'Weight  In  g 

Ra2B407 

FeCla 

In  mol. 

to 

t2 

ta 

Ab 

H2O 

FeClg 

NaCl 

^028487 

50.03 

0.162 

• 

— 

— 

3.58 

3.43 

— 

— 

50.03 

0.162 

0.0117 

0.02013 

0.1 

3.58 

3.43 

3.1*15 

3.39 

0.025 

50.03 

0.162 

0.0234 

0.04025 

0.2 

3.58 

3.‘t3 

3.400 

3.36 

0.040 

50.03 

0.162 

0.0351 

0.06037 

0.3 

3.58 

3.43 

3.885 

3.31* 

0.045 

50.03 

0.162 

0.0468 

0.08050 

0.4 

3.58 

3.<*3 

3.370 

3.33 

0.040 

50.03 

0.162 

0.0585 

0.1006 

0.5 

3.58 

3.43 

3.335 

3.31 

0.045 

50.03 

0.162 

0.0702 

0.1208 

0.6 

3.58 

3.43 

3.3W 

3.29 

0.050 

50.03 

0.162 

0.0819 

0.1409 

0.7 

3.58 

3.43 

3.325 

3.28 

0.045 

50.03 

0.162 

0.0936 

0.1610 

0.8 

3.58 

3. '*3 

3.310 

3.26 

0.050 

50.03 

0.162 

0.1053 

0.1812 

0.9 

3.58 

3.‘t3 

3.295 

3.24 

0.055 

50.03 

0.162 

0.1170 

0.2014 

1 

3.58 

3.43 

3.280 

3.21 

0.070 

50.03 

0.162 

0.1287 

0.2215 

1.1 

3.58 

3.43 

3.260 

3.20 

0.060 

50.03 

0.162 

0.1404 

0.24i6 

1.2 

3.58 

3.43 

3.250 

3.17 

0.080 

50.03 

0.162 

0.1521 

0.2617 

1.3 

3.58 

3.43 

3.235 

3.15 

0.085 

50.03 

0.162 

0.1638 

0.2818 

1.4 

3.58 

3.43 

3.220 

3.13 

0.090  . 

50.03 

0.162  ■ 

0.1696 

0.2919 

1.45 

3.58 

3.43 

3.210 

3.13 

0.080 

50.03 

0.162. 

0.1725 

0.2970 

1.47 

3.58 

3.43 

3.205 

3.13 

0.075 

50.03 

0.162 

0.1842 

0.3171 

1.57 

3.58 

3.'t3 

3.420 

3.13 

0.297 

Notes. 

to  -  freezing  point  of  water 

ti  -  freezing  point  of  an  aqueous  solution  of  FeCls 
t2  -  freezing  point  of  an  aqueous  solution  of  the  system  FeCla*"  KaCl 
to  -  freezing  point  of  aqueous  solution  of  the  system  of  FeClo—  Na2B407 
Lt  -  depression  of  the  complex  (to  -  to) 

The  results  obtained  show  that  two  minima  are  obseiured  on  the  depression  curve 
which  correspond  to  molar  ratios  of  FeClotlJasB^OT^l;!  and  1:1.5,  which  confirms  the 
formation  In  solution  of  complex  borates  of  the  compositions  [FeB407J'*’  and 
(Fe2 (8407)0)* 

Keasurements  on  the  specific  electroconductivity  of  the  system  were  carried 
out  at  25  and  40*  In  a  concentration  range  of  from  0  to  6l,4  mol,  ^  borax.  For 
this  purpose  a  series  of  solutions  was  prepared  In  which  gradually  increasing 
amounts  of  borax  (from  2*10  ^  to  2*10"^  mol/l)  were  added  to  a  constant  amoxmt 
of  FeClo*  The  specific  electroconductivity  of  equivalent  amounts  of  NaCl  formed 
by  the  Interaction  of  FeClg  and  Na2B407  was  taken  into  account.  Results  are 
given  In  Table  5  and  Fig  U.  These  physico-chemical-  investigations  of  the  sys¬ 
tem  FeClm  -  Na2B407  show  convincingly  that  ferric -Ions  In  aqueous  solutions  re-'  . 
act  with  the  tetraborate  Ion  to  form  multi-nuclear  complex  compound's  of  tbs 
composition [FeB407)‘*‘  or  (Fe(B02)2B203)‘*‘  and  (Fe2(B407)3]  or  (Fe2(BQ2)o*5B203).* 
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This  served  as  a  basis  for  develojlrg  a  tiew  method  for  the  quantitative  de¬ 
termination  of  ferric  Ions  both  In  the  free  state  or  In  admixture  with  other 
ions. 


LH  A3 


Fig,  3L  CryDscopy  of  the 

FeCls  -  Na2B407  system. 


Fig,  Specific  electroconductivltj 
of-  the  FeCla  t.  11823407  system 


TABIS  3 


Ka2B407, 
in  mol. 


X* 

10^  at  25 

B 

-FeCla- 

Ka2B4C7 

UaCl 

Complex 

at 


Complex 


The  choice  of  aa  indicator  electro* plays  an  important  role  in  the  potcntlo- 
metrlc  method  for  the  determination  of  ferric  iron  described  below,  A  platinum 
plate  covered  with  a  thin  layer  of  platlnimi  black  serves  as  the  electrode.  This 
electrode  obviously  plays  the  part  of  an  incompletely  reversible  oxygen  electrode. 
After  a  preliminary  cleaning  of  the  electrode  with  emery  paper  it  la  placed  in  a 
1^  solution  of  chloroplatinic  acid  and  platinized  in  the  normal  fashion  for  13-20 
seconds.  If  the  platinization  time  is  extended  a  thick  layer  of  platinum  black 
forms  on  the  electrode  and  the  potential  on  such  an  electrode  is  established  only 


very  slowly*  The  electrode  Is  finally  washed  with  water,  and  then  subjected  to 
cathodic  polarization  for  removal  of  adsorbed  chloride  by  placing  It  In  a  1  N  ainmo>» 
nla  solution.  After  l$-20  seconds  the  electrode  la  carefully  washed,  first  with 
vara  and  then  with  cold  water.  The  electrode  con  be  used  the  day  after  platlnlz* 
atlon.  It  should  be  kept  In  water,  where  It  remains  sensitive  for  a  long  time. 

A  series  of  ferric  chloride  solutions  of  various  concentrations  (0.06-0,008  N) 
VOS  prepared  for  Investigation.  They  vere  standardized  by  duplicate  gravimetric 
and  volumetric  detemlr^tlons.  A  0.1  If  solution  of  sodium  borate  was  used  as  the 
standard  tltrant. 

KxpcrLmental  Procedure.  0.25-2  ml  of  0.06 
H  FeCla  solution  diluted  with  25  ml  of  water  In 
a  200  ml  beaker  was  titrated  potent lome tr lea lly 
with  0,1  N  borax  In  the  presence  of  the  Indica¬ 
tor  electrode.  A  saturated  calomel  electrode 
was  used  as  the  standard  electrode.  A  galvan¬ 
ometer  with  a  sensitivity  of  10*’*^A  was  used  as 
the  null  Instrument.  The  electrode  potential 
during  titration  was  established  within  1-2 
minutes  after  each  addition  of  borax  solution. 
0-  ♦  The  potential  change  of  the  electrode  Is  det- 

I  eralned  on  the  one  hand  by  a  decrease  In  the 

I  *  hydrogen  Ion  concentration  of  the  'solution  dur- 

2S5-  I  -  Ing  the  titration  of  ferric  chloride  with  bor- 

I  I  ax,  and  on  the  other  hand  by  the  formation  of 

I  I  *  the  iron  borates  which  only  dissociate  sll^t- 

J  I  ly.  The  change  InAS/Av  during  titration  is 

I  ,  ji  shown  In  Fig.  5*  Completely  satisfactory 

I  jl  results  were  obtained  (Table  H). 

^  I  I  \  The  mean  error  or  a  determination  for  an 

1.,^  ^  f  1  iron  concentration  of  the  order  of  g 

i  j  \  ^  0.156.  For  lover  concentrations  of  Iron  of 

f  }  \  f  \  order  of  3*10“'*  g  the  titration  error 

^  ^  amounts  to  256. 


Fig.  5  Titration  of  O.O53  H  FeCl* 
with  0.1  N  Na2B407.  X  =  2  ml; 

0  3  1  ml*  A  3  0.5  ml. 


the  Presence  of  Acids 


By  means  of  the  method  proposed  ferric 
Ions  can  be  determined  not  only  In  neutral 
solution,  but  also  In  acid  solution.  In  this 
case  two  potential  Jumps  are  observed;  the 
flrst-a  small  one  —  Indicates  the  end  of  the  titration  of  the  free  .acid  and  the 
second—  a  large  one- the  end  of  the  titration  of  the  Bvna  of  the  acid  and  ferric 
Ions  (Fig.  6,  Curve  1).  The  small  value  of  the  first  Jump  on  the  titration  curve 
can  be  explained  by  the  fact  that  the  drop  of  borax  added  In  excess  after  the 
first  equivalence  point  has  little  effect  on  the  electrode  potential » since  the  ‘ 
iron  borate  which  Is  formed  only  dissociates  very  slightly.  Natiually’ln  order 
to  get  a  more  marked  potential  Jump  during  the  titration  of  the  acid  In  solution 
It  Is  essential  that  the  ferric  Ions  should  be  bound  In  a  more  stable  complex 
than  ferric  tetraborate. 

C2O4  ions  are  the  most  suitable  for  this  purpose  since  they  form  a  complex 
(Fe(Cg04)3)^  with  Iron,  the  Instability  constant  of  this  complex  being  1.2*10”*^ 
t9l  (Fig.  6,  Curve  H). 

Experimental  Techniqtie.  To  a  known  voliime  of  a  mixture  of  a  ferric  salt  and 
acid  Is  added  1.5-2  g.of  dry  sodium  oxalate.  The  mixture  is  shaken  up  and  dil¬ 
uted  to  50  ml  with  water,  after  which  it  is  titrated  with  0.1  H  borax  potentlomet- 
rlcally,  (the  free  acid  in  solution  is  also  determined  by  this  method). 


Interval  dro 


+0.002 


Fig.  6  Titration  of  free  acid  In  a 

mixture  of  1  ml  O.03**3  N  FeCla* 
Curve  1)  without  Na2C204 
Curve  2)  with  Na2(^04, 


Fig.  7  Titration  of  0*057  'FeCla  la 
an  acid  medium. 
y-2  ml;  0-1  “1;  A  “  0*5  nl 


A  alnllar  volume  of  the  mixture  (l.e.  the  original  volxme  before'  dilution  to  59  ®1) 
Is  diluted  to  25  ml  with  water  and  potent  lone  trlcally  titrated  against  0.1 -H  borax 
for  the  total  hydrogen  Ions  and  ferric  Ions.  The  amount  of  Iron  la  found  by  diff¬ 
erence. 

The  concentration  of  the  free  acid  In  solution  can  also  be  determined  by  tltra 
tlon  .  against  0.1  N  NaOH  In  the  presence  of  the  same  amount  of  sodium  oxalate  and 
with  phenolphthaleln  as  Indicator. 

The  results  are  given  In  Table  5  aiid  Fig.  7» 


Amount  taken, In 


TABI2  5 


Amount  found.  In 


HCl 

FeP+ 

HCl 

Fe3+ 

2.657 

2.048 

2.664 

2.037 

-0.011 

1.328 

2.024 

1.332 

1.019 

-0.005 

0.664 

0.512 

0.664 

0.510 

-0.002 

0.332 

0.256 

0.333 

0.254 

-0.002  . 

1.328 

0.256 

1.334 

0.254 

-0.002  . 

Determination  of  Ferric  Tons  In  the  Presence  of  Other  Ions 


1.  By  means  of  the  method  described  it  Is  possible  to'  determine  Iron  In  soIm* 
tlonsof  various  complex  compounds.  The  nature  of  many  complex  compounds  In  sol¬ 
ution  and  their  Instability  constants  have  been  studied  by  Babko  [l0-l4]»  We  have 
studied  the  potentlometrlc  determination  of  Iron  by  tetraborate  in  solutions  of* 


acetates,  salicylates,  thiocyanates,  and  fluorides.  For  this  purpose  known  amounts 
of  sodium  acetate,  aallcylate,  and  fluoride,  respectively,  and  potassium  thiocyanate 
sufficient  for  the  formation  of  the  respective  complex  Iron  salts  were  added  before 
hand  to  a  known  amount  of  ferric  salt  solution.  The  complex  compounds  formed  were 
then  potentlooetrlcally  titrated  with  0,1  N  borax,  as  described  previously# 

Results  of  these  determinations  are  given  In  Table  6# 

2.  The  determination  of  Iron  In  the  presence  of  copper  Is  of  practical 
significance# 

While  ferric  Ions  form  soluble  compounds  with  Ions,  cupric  Ions  give 

an  Insoluble  hydroxide.  If  both  ferric  and  cupric  Ions  are  present  together  then 
the  cupric  Ions  will  be  titrated  first  and  the  ferric  Ions  afterwards# 

TABI£  6 


No.  of 
Expt, 

Composition  of  the  mixture 

Aao|^t  taken 
In.  g‘  103  - 

Amowt  found 
In  g*103 

1 

FeCls 

i.229 

1.231 

->0.002 

CHaCOOKa 

328.0 

— 

1 

2 

FeCla 

1.229 

1.231 

->0.002 

KCIS 

3-k 

^  . 

•• 

3 

FeCla 

0.894 

-0.018 

SalRa 

•• 

-• 

k 

FeCla 

1.08 

1.03 

.. 

Ea? 

a.k 

— 

— 

5 

FeCla 

1.08 

1.08 

— 

CUSO4 

33.6 

.  — 

— 

6 

FeCla  . 

1.97^ 

1.97^ 

CUSO4 

2.924 

2.861 

-0.063  • 

7 

FeCla 

1.862 

.. 

CuSa4 

2.924 

— 

— 

ECl 

2.430 

2.419 

-o.ou 

Iia2C204 

2000.0 

— 

— 

8 

FeCla  ■ 

1.862 

CUSO4 

2.980 

-0.056 

BCl 

— 

■  — 

9 

FeCla 

KlCla,  C0SO4  Ka2V04 
(nH4)2Mo04  1IH4Y03 

SalNa 

1.045 

0.1 

0.1  n 

200.0 

1.036 

-0.009 

10 

FeCla 

1.045 

0.070 

+0.035 

N1C12,  C0SO4,  Na2W04, 

* 

(NH4)2Mb04^  NH4yi3,  KCl, 

2.430 

SalRa' 

200.0 

Wlien  copper  Ions  are  titrated  In  neutral  media  (Fig.  8),  an  Increase  In  the 
potentlol  Jump  la  observed  vlth  decreasing  salt  concentration. 


Fig,  8  Titration 'Of  0.046  H  CUSO4 
vlth  0.1  N  KagB^Or 
X  -  2  ml;  0-1  nl;  A“0.5  nl. 


Fig.  9  Titration  of  0,046  H  Ci;S04  and 
0.053  N  FeCla  together  vlth 
0.1  H  I?a2B40T 
X  -  2  ml  FeCl3+2  ml  C\iSQ4 
O  -  2  mi  FeCl3+l  ml  CuS04^ 


During  the  titration  of  ferric  and  cupric  Ions  vhen  present  together  tvo  poten¬ 
tial  Jumps  are  observed  on  the  tltrj.tlon  curve;  the  first  Indicates  the  end  of 
tte  titration  for  cupric  Ions  and  the  second  Indicates  the  end  of  the  titration 
for  the  sum  of  cupric  and  ferric  Ions,  .  The  nhount  of  Iron  Is  thus  found  by  dif¬ 
ference.  It  should  be  noted  that  as  tlu:  amount  of  copper  decreases  and  the  amoimt 
of  Iron  Increases  the  first  potential  Jump  decreases,  vhlle  the  second,  the  sum  of 
the  tvo.  Increases  (Fig.  9)» 

For  the  determination  of  ferric  Iron  and  copper  In  acid  media  the  concentration 
of  the  free  acid  In  solution  must  be  preliminarily  determined  by  an  Independent 
titration  In  the  presence  of  oxalate  Ions  as  shovn  above. 

In  the  second  titration  the  concentrations  of  acid,  cupric  and  ferric  Ions  are 
all  determined  simultaneously.  In  this  case  the  first  potential  Jump  on  the  tltrat 
tlon  curve  corresponds  to  the  end  of  the  titration  for  the  sum  of  acid  and  copper. 
The  difference  betveen  this  volume  of  borax  and  that  used  for  neutralization  of  the 
acid  (first  titration)  gives  the  amount  of  copper.  The  second  potential  Jump  on 
the  titration  curve  corresponds  to  the  total  acid,  ferric  and  cupric  Ions.  The 
amount  of  Iron  Is  found  by  difference. 

Results  are  given  in  Table  6.  . 

3*  The  determination  of  ferric  iron  In  the  presence  of  soluble  salts  of  nickel, 
cobalt,  vanadium,  molybdeiuzm,  and  tungsten  Is  of  great  interest.  v*'* 

During  the  titration  of  such  a  system  vlth  borax,  the  nickel  and  cobalt  Ions 
behave  slmllarlly  to  the  cupric  Ions  and  separate  out  as  basic  salts  and  hydroxl^s 
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and  maek  the  fundamental  Iron  titration.  On  addition  to  auch  a  solution  of  some 
salicylate  loos  which  form  n  stable  complex  with  Iron,  the  Irpn  complex  la  first 
titrated  with  borax.  To  a  solution  of  the  mixture  containing  1-2  ml  of  0.05-0.06 
N  FcClj  and  0.1  ml  each  of  approximately  0.1  N  solutions  of  nickel,  cobalt,  mol^- 
dcnua,  vanadium  and  tungsten  respectively,  0.2-0, 3  R  of  sodium  salicylate  la 
added  and  the  whole  diluted  to  50  ml  with  water  prior  to  po tent lome trie  titration 
with  0.1  N  borax. 

Molybdates,  tungstates,  ond  vanadates  form  slightly  soluble  compounds .with 
ferric  Ions,  In  the  presence  of  a  sufficient  amount  of  salicylate  Iona  these 
precipitates  do  not  settle  out,  because  of  the  formation  of  a  very  stable  complex 
of  ferric  salicylate  In  solution  (K  “  U*10“7).. 

Two  potential  Jumps  (Fig.  10)  are  observ'ed  on  the  titration  curro;  the  flrst- 
a  large  one  -  Indicates  the  end  of  the  titration  for  free  acid  formed  as  the  result 
of  the  Interaction  of  ferric  Ions  with  sodium  salicylate  according  to  the  equations 


Ihe  second  Jump,whlch  is  not  so  pronounce^  correBponda  to  the  formation 
in  all  probability  of  a  mixed  complex  compound. 

FeSal2  +  B4O72*  - — »»  lFeSalB407]  +  Sal^*  . 


The  iron  content  is  calculated  from  the  first  potential  Jump  (Fig.  10).-  In 
this  way  iron  can  be  determined  not  only  in  neutral  mixtures  hut  in  solutions  con* 
telaing  hydrochloric  acid. 

The  experimental  results  obtained,  which  are  completely  satisfactory^  are  shown 
in  Table  6, 


Determination  of  Iron  in  Ores  and 
Otl^r  Materials 


The  potentlometrlc  method  described 
above  for  the  determination  of  feirlc  ions 
can  he  successfully  applied  to  the  deter¬ 
mination  of  iron  in  various  matertnls  con¬ 
taining  it,  such  as  ores,  coal,  dolomite, 
etc..  In  these  cases -0,03-0, 04  g  of  the 
well-ground  substance  is  calcined  for  10 
minutes  with  ten  times  its  weight  of  anhy¬ 
drous  sodium  carbonate  until  a  homogenous 
mass  .la  obtained.  The  melt  is  worked  up 
with  2-3  ml  of  concentrated  hydrochloric 
acid  until  the  whole  goes  into  solution, 
(disappearance  of  black  specks).  The  sol¬ 
ution  is  then  cooled  and  diluted  with  wat¬ 
er  to  100  ml  in  a  standard  flask.  Free 
acid  is  determined  in  one  aliquot  as  fols 
lows;,  to  10  ml  of  solution,  1  g  of  Ha2C204 
is  added,  the  solution  diluted  to  50  ml  with 
water  and  titrated  with  0.1  H  alkali 
using  phenplphthaleln  as  indicator.  In  the 
second  aliquot  total  acid  plus  iron  is  det— 
eralned  potent  lome  trlcally  with  0.1  H  borax. 


Fig.  10.  'Titration  of  0.053  FeC^  with 
0.1  N  borax  in  the  prese'nce  of  other 
ions.  II)  In  neutral  media|  •  I)  in 


The  Iroa  la  calculated  by  difference. 

The  Iron  vaa  determined  In  the  came  materlala  by  another  ipethod^the  iodo- 
metric  method^ aa  a  check.  Reaulta  are  given  In  Table  7« 


TABUS  7 


Test  material 

Wt.,ln  g^J  . 

1  Found 

potentlometrlcally 

Icdometrl- 

cally 

In  g 

In  ^ 

In  ^ 

Hornstone  nagnetlte-aeglrlte 

0.0294 

0.01075 

56.55 

36.48 

Horns tone  schistous 

0.0438 

0.0207 

*>7.30 

1*7.25 

Martlte  ore 

0.0320 

0.0238 

74.62 

74.60 

Stone  coa]^  Sample  1 

0.0494 

0.01758 

35.'t0 

35.25 

Stone  coal.  Sample  2 

O.lSiO 

0.0152  • 

8.40 

8.25 

Brovn  coal 

0.6046 

0.021 

3.46 

3.32 

Lignite 

0.0480 

0.0030 

6.3 

6.3 

Dolomite 

0.3094 

0.0028 

0.905 

0.89 

Limestone 

1.0010 

0.00011 

o.ou 

0.009 

Kaolin 

0.478 

0.00153 

0.320 

0.28 

The  velght  of  a ah  la  given  for  the  coal. 


Thla  method  vaa  also  uaed  by  ua  aucceaafully  for  the  determination  of  Iron 
In  bloody  oedlclnal  preparetlona^  and  vater. 

SIE-MARI 

1.  Aa  a  recult  of  pbyalco-cbemlcal  research  It  vaa  established  that  ferric 
Ions  Interact  vlth  tetraborate  Ions  in  solution  to  form  a  number  of  new  complex 
Iron  borates. 

2,  On  this  basis  a  direct  method  for  macro  and  micro  potentlometrlc  deter¬ 
minations  of  ferric  Iron  both  in  neutral  and  acid  media  has  been  developed. 


3.  By  thla  method  Iron  can  be  determined  In  the  presence  of  copper,  nickel, 
cobalt,  vanadatea,  molybdates,  tungstates,  etc. 

4,. This  method  con  be  used  for  the  determination  of  Iron  la  ofes  and  other 
materials  containing  It. 

Received  November  9>  1951« 
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NEW  VOLUMET.ilC  AND  GRAVIMETRIC  ^G:THOIB  FOR  THE  DETERMINATION  OF  CADMIUM 


V.  I.  Kumov 

Molotov  Medical  Institute 


For  the  determination  of  cadmium  In  the  presence  of  copper  the  poisonous 
and  not  alvays  readily  available  potasslam  cyanide  or  brucine  [l,2^5l  are  used. 
It  has  been  shown  recently  that  cadmium  can  be  detected  qualitatively  by  pyraml- 
doiv  In  the  presence  of  potassium  Iodide,  and  qviantltatlvely  by  the  antlpyrlne- 
bromide  reagent  [U]  and  by  dlantlpyrylme thane.  Hltlicrto  very  few  methods  have 
been  described  In  the  literature  for  the  volumetric  determination  of  cadmium; 
thus  there  Is  a  reference  to  the  possibility  of  titrating  cadmium  sulfide  with 
iodine  In  acid  solution;  this  method  however  does  not  give  positive  results  be- 
cause  cadmium  sulfide  Is  contaminated  with  adsorbed  salt  (5l;  Berg  and  Wurm 
precipitated  cadmium  with  P-naphtho quinoline  In.  the  presence  of  potassium  Iodide 
and  the  omoxint  of  iodine  determined  In  the  precipitate  with  potassium  lodate  (5l 
The  determination  of  cadmium  with  8-hydroxyqulnollne  [6]  la  based  on  the  broao- 
metrlc  titration  of  the  oxlne  combined  with  the  metal.  As  our  Investigations 
have  shown,  it  la  possible  to  determine  cadmium  quantitatively  by  means  of  dlaa- 
t  Ipyrylorthohydroxyphenylme  thane  I 


or  C2iHe803N4  (Kbl.vt.  480.55).  Dlantlpyrylorthohydroxyphenyjmethane j  exists  In 
the  form  of  long  whl'te  needles  which  are  soluble  to  the  extent  of  O.l^t  In  water 
and  5*5^  In  alcohol^'.  In  acid  media  cadmium  forms  a  slightly  soluble  complex 
of  the  composition;  (C2QH2Q03?f4)2H2[Cd3r4]  with  dlantlpyrylorthohydroxyphenyl- 
methane  In  the  presence  of  potassium  bromide. 

The  reaction  proceeds  as  follows; 

2D  4  UBr*  -f  2H^  4  -  (D)2H2tCdBr4l 

(from  here  onwards  dlantlpyrylorthohydroxyphenylmethane  will  be  denoted  by  D). 
Cations  of  zinc,  copper,  cobalt.  Iron,  aluminum,  chromium  and  also  of  the  alkali 
and  alkaline  earth  elements  do  not  form  precipitates  with  D  In  the  presence  of 
bromine  Ions  and  consequently  do  not  Interfere  with  the  determination  of  cadmlimi. 
Analysis  of  the  crystalline  precipitate  formed  during  the  determination  of  cadnlia 
after  "  recrystalllzatlon  from  aqueous-  alcohol  and  drying  at  120*  gave  the 
following  results:  0,2  g  substance,  AgBr  0,ll44  g,  CdS04  6.031  g*  Found  Er 
24.345&;  cd  8.353&. 

For  [C29H2©03N4]2l^[CdBr4]  mol.wt.  =  1395»l8»  Br  calculated  and 


The  volumetric  method  for  the  determination  of  cadmium  is  based  on  the  action 
of  alkali  on  the  precipitate  of  (D}2R2[CdBr4],  during  which  neutralization  of 

See  reference  H.  AmalyChem.  Abs.  44,  6053  (1550)* 


TABIE  1 


Procerty 

t  C2  t  t  C'.U^r  . 

Color 

Pale  rose 

Solubility  In  vater  at  15* 

0.06:100 

’•  In  alcohol 

0.45:100 

’•  In  ether 

insoluble 

Behavior  of  a  caturated  aqueous 

unchanged 

solution  of  the  compound  with 

dilute  H^S04  and  HNO3 

Ditto  towards  conc.H2S04  and  HNOj 

unchanged 

"  IN  KaOH 

Cd(0H)2  precipitated 

**  "  AgN03 

Pale  yellow  preclpltato  of  AgBr  formed 

Behavior  of  dry  solid  on  heating  In 

Melts  at  193*,  changes  Into  a  red 

a  caplllaz7 

liquid  . 

hydrogen  Iona  occurs.  Determlnatloua  of  cadalua  vere  made  Initially  on  pure 
Belts.  The  reagent  Is  prepared  as  foUowai  0,25  g  of  D  Is  dissolved  vlth 
slight  heating  In  25  ml  ethyl  alcohol  and  to  the  solution  25  ml  of  1  N  aulfurlc 
acid  and  25  ml  of  a  53&  solution  of  potassium  hrcmlde  added.  Each  5  nS  cadmium 
requires  20-25  ml  of  the  reagent  solution  described  for  precipitation.  At  low 
concentrations  of  cadnlua^  supersaturated  solutions  are  apparently  formed,  be¬ 
cause  In  order  to  accelerate  the  formation  of  a  precipitate  It  Is  necessary  to 
stir  the  mixture  with  a  glass  rod.  Turbidity  develops  either  Immediately  or 
after  acme  time  and  then  a  cryatalllro  precipitate  forms.  After  hours  the 
precipitate  la  filtered  through  «  Ko,4  glass  crucible. and  washed  with  10  nl 
of  a  dilute  solution  (li4)  of  the  reagent  3-^  times.  The  moist  precipitate 
la  then  washed  from  crucible  with  30-35  of  ethyl  alcohol  Into  a  300- 
350  ml  f3ask.  The  liquid  Is  gently  heated  In  orter  to  dissolve  the  precipi¬ 
tate,  150  mi  of  distilled  water,  U-6  drops  of  methyl  orange  ere  added  and  the 
solution  titrated  with  0,1  N  alkali,  1  ml  of  0.1  K  KaOH  Is  equivalent  to 
mg  cadmium,  '  * 

Results  are  given  In  Table  2* 


TABIZ  2 


mm 

Vol.  of  • 

Cd(II03)2 

solution 

Amount  of 
cadmium, 
in  nu? 

0.1  N  KaOH 
used.  In 
ml  .  . 

Cadmium 

found. 

In  mg 

Absolute. 

error. 

In  mg 

1 

1 

5 

0.812 

4,56 

-0.44 

2 

2 

10 

l.Oi 

10,17 

•►0,.17 

3 

2 

10 

1.82 

10,23 

^^.23 

4 

3 

13 

2.6 

l4.6i 

-0.39 

5 

3 

13 

2.69 

15.12 

+0.12 

6 

4 

20 

3.6 

20.23 

+0.23 

T 

4 

20 

3.6 

20.23 

+0.23 

d 

3 

23 

4.31 

24.22 

-0.78 

9 

6 

30 

3.33 

29.95 

-0.05 

10 

6 

30 

5.36 

30.12 

40.12 

Determination  of  ctdalua  in  the  proietfce' of  .copper  is  carried  out  as  follows! 
to  the  solut  ion  containing  a  known  weight  of  cadmium  Is  added  up  to  0,5  g  of  cupric 
chloride  -  CuCla*2E30,and  then  the  reagent  solution,  20-25  b1  ^or  each  5  mg  of 
cadmium,  -  The  method  then  follows  the  procedure  outlined  abovet  Besulis  of  the 
determlnatlctns  are  given  in  Table  5* .  ■ 


TABia  ^ 


Vol.  of 
Cd(N03)2, 

In  ml 

Amount  of 
cadmium. 

In  mg 

Amount  of 
CuCl2'2H20 
added,  in  g 

O.l  N  IteiOH 
used,  In  ml 

Cd  found, 
In  mg 

Absolute 
error# 
In  mg 

3 

15 

0.5 

2.65 

14.89 

-0.11 

3 

15 

0.5 

2.68 

15.06 

40.06 

4 

20 

0.5 

3.4 

19.  u 

-0.89 

4 

20 

0.5 

JAJ 

19.4 

-0,6 

The  volumetric  method  given  for  determining  Cd  .  vas  used  for  the  analysis  • 
of  various  alloys  to  vhlch  cadmium  had  been  added.  Two  alloys  were  chosen  for 
analysis:  Iron-aluminum  bronze  containing  Cu,  Fe,  Al,  Mn  and  Zn,and  electron 
metal  containing  mainly  magnesium,  and  also  A1  (7.7^) and  Zn  (1.65^).  1  g  of  the 

bronze  vas  dissolved  In  10  ml  dilute  (1:1)  nitric  acid  and  tte  solution  obtained 
cvaxxDrated  on  a  water  bath,  when  50  ^  of  water  vas  added.  0.5  g  of  electron 
vas  dissolved  In  10  ml  hydrochloric  acid  (1:5)  and  ^0  ml  water.  The  solutions 
Bhould  be  clear.  The  procedure  adopted  subsequently  was  that  described  above. 


Results  are  given  In  Table  4. 

TABtS  4 

• 

Vol.  of 

Amount  of  CdSO^ 

Cd  content,  0.1  If  NaOH 

Cd 

Absolute 

EOlutlOl^ 

solution  added. 

In  mg  used,  in  ml 

found. 

error.  In 

_n  ml 

In  ml 

In  mg 

mg 

• 

Iron-Aluminum  Bronze 

15 

4 

20  1  5.6  1 

20.23 

40.23 

20 

5 

25  .  <>.52 

25.4 

40.4 

15 

4 

20  1  3.5 

Electron  metal  • 

19.67 

-0.33 

25 

1  ^  1 

1  20  1  3.55  1 

1  19.95  ■  1 

-0.05 

25 

1  5  . 

1  25  1  4.55  1 

1  25.01  1 

4O.OI  * 

These  results  show  that  Mg,  Al,  Zn,  Fie  and  Cu  do  not  interfere  with  the 
volumetric  determination  of  cadmium  and  that  despite  the  fact  that  the  amounts* 
of  these  elements  are  greatly  In  excess  of  that  of  cadmium,  the  relative  eiuerl- 
mental  error  varies  within  +35&«  For  the  gravimetric  determination  of  cadmium 


dried  at  110-120*  to  constant  weight.  The  conversion  factor  to  cadmium  Is 
0.08057*  Results  are  .given  In  Table  5*  • 


Cadmium  can  be  determined  In  the  presence  of  copper  also  gravlmetrlcally. 
Results  are  given-  In  Table  6.  '  * 

Cadmium  can  be  precipitated  with  D  at  higher  concentrations  of  D,  sulfuric 
acid  and  potassium  bromide;  e.g^  the  precipitating  reagent  can  be  prepared  as 
follows*  0.5  g  of  D  Is  dissolved  In  50  nil  5®^  alcohol  to  vhlch  are  added  25  ml 
of  2  H  sulfuric  acid  and  25  ml  10^  potassium  bromide.*  Tbe  drawback  of  such  a 
solution  Is  that  after  4-5  hours  It  deposits  a  precipitate;  it  Is  necessary 
therefore  to  precipitate  cadmium  with  a  warm  solution  of  the  precipitant  and  not 
to  leave  the  precipitate  for  more  than  1^  hours. 

If  these  conditions  are  observed  and  the  method  above  foUoved  for  the 
determination  of  cadmium,  good  results  are  obtained  (Table 


TABIE  5 


CdiNOaja 
taXei^  in 

.  Cd  content. 

In  mg 

Wt  of  ppt., 

in  g 

Cd  found, 

In  mg 

Absolute 
error,  • 
in  mg 

1 

5 

0.0626 

5.04 

+0.04 

2 

10 

0.1272 

10.25 

+0.25 

3 

15 

0.1910 

15.39 

+0.39 

1 

5 

0.06t0 

5.16 

+0.16 

2 

10 

0.1286 

10.36 

+0.36 

3 

15 

0.1906 

15.36 

+0.93 

TABLE  6 


Cd(!;03)2 
taken,  in 
mg 

Cd  content, 
in  mg 

CuCl2  *21120 
adde^  in  g 

Wt.  ofppt.^ 
in  g 

Cd  found. 

In  mg 

Absolute 
error, 
in  mg 

1 

5 

1 

O.C63O 

5.077 

+0.077 

2 

10 

1 

10.18 

+0.18 

3 

15 

•'•.192’^ 

15.5 

+0.5 

3 

15 

J.5 

o.i^Sa 

14.36 

-0.64 

TABUS  7 


Yol.  of 
CdS04, 
in  ml 

Amount  of 

Cd,  in  mg 

Wt.  of  ppt., 
in  lag 

Cd  found, 
in  mg 

Absolute 
in  mg 

1 

5 

0.0616 

4.96 

-0.04 

2 

10 

0.1214 

9.73 

-0.22 

2  . 

10 

0.1234 

9.94 

—0.06 

2.5 

12.5 

0.1536 

12.38 

-0.12 

3 

15 

0.1^0 

l4i9l 

-o;o9 

1.5 

7.5 

0.0954  • 

7.69 

+0.19 

2.5 

12.5 

0.1568 

12.64 

+0.14 

3 

15  • 

0.1896 

15.28 

+0.28 

Cadalua  vas  BuccessfuUy  detemlned  gravlmetrlcally  In  different  alloys 
to  vhlcli  it  had  heea  added.  In  addition  to  the  volumetric  and  grAviaetrlc 
methods  for  the  deteraination  of  cadmium,  attempts  were  made  to  develop  a  • 
colorimetric  method  hy  diazotization  of  the  reaction  product,  Lut  lu  vlev  of 
the  low  sensitivity  of  the  color  ohtaitied  the  laethod  is  of  no  significance. 

STJKMARY  . 

A  new  complex  compound  has  been  prepared  (rH]2[CdBr4]  and  some  of  Its 
properties  studied. 

New  volumetric  and  gravinietric  methods  have  been  developed  for  the 
determination  of  cadmium  in  the  presence  of  magnesium,  aluminum,  zinc, 
copper  and  other  metals. 

Received  February  1^  1952.. 
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DETERMIIIATION  OF  CUIROUS  OXIDE,  CUIT^IC  OXIEE,  AND  METALLIC  COPIER 

IN  COPIER  POWDERS 

V . N . Podcha Inova 

.  'Ural  Polytechnlcal  Institute 


One  of  the  most  difficult  problems  to  solve  In  analytical  chemistry  Is  that 
of  the  determination  of  copper  In  Its  different  forms.  Information  in  the  liter¬ 
ature  Is  very  scanty. 

Various  methods  have  been  proposed  by  Tananaev  ll],  Lavrukhlna  [2],  Rard  and 
Clerk  (5l  snd  other  Investigators  for  the  extraction  and  determination  of  metallic 
copper  and  cuprous  oxide  In  mixtures  of  Cu,  CuaO,  CuO.  Of  these  methods  Lavnakhlna  s 
method  [2]  gives  the  most  satisfactory  results. 

Our  problem  vas  to  vork  out  an  accurate  method  for  the  determination  of  cup¬ 
rous  oxide,  cupric  oxide,  and  metallic  copper  In  copper  povders.  The  copper  povd- 
ers  vhlch  seirved  as  the  object  of  our  Investigation  and  vhlch  vere  prepared  by  an 
electrolytic  method  are  used  to  a  considerable  extent  at  present  for  the  production 
of  so-called  self -lubricating  bronze  bearings.  These  bearings  are  produced  by  a 
metallo-ceramlc  jirocess  and  have  a  composition  similar  to  that  of  cast  bronze  bear¬ 
ings;  they  usually  contain  about  9^^  copper;  10^  tin,  and  sometimes  grap¬ 

hite. 

The  Industry  vhlch  produces  these  self -lubricating  bearings  lays  down  certain 
•specifications  for  the  chemical  composition  of  the  copper  povders.  In  the  prod¬ 
uction  of  these  povders  therefore  It  Is  essential  to  be  able  to  determine  rapidly 
the  metallic  copper  content  and  that  of  certain  oxygen  compounds  of  copper,  viz., 
cupric  and  cuprous  oxides.  Up  to  the  present,  hovever,  the  possibility  of  carry¬ 
ing  out  such  determinations  has  been  small  as  far  as  information  In  the  literature 
Is  concerned. 

Method,  Reapents,  and  Materials 

N, A. Tananaev*  8  Investigations  [l]  vere  used  as  the  basis  for  the  method. 
Ammonium  chloride  solution  -vas  used  for  the  quantltatl-ve  separatlcn  of  cuprous 
oxide  from  cupric  oxide  and  the  metallic  copper,  vhlle  a  dilute  solution  of  sulf¬ 
uric  acid  vas  used  for  the  separation  of  cupric  oxide  from  metallic  copper.  The 
metallic  copier  Is  dissolved  In  nitric  acid.  After  separation  of  the  mixture  In¬ 
to  Its  components  the  copper  Is  determined  by  lodometrlc,  electogravlmetrlc^  and 
permanganate  methods. 

The  results  In  Table  1  show  that  metallic  copper  la  practically  Insoluble  In 
ammonium  chloride  and  only  an  Insignificant  amount  of  cupric  oxide  Is  dissolved. 

The  cupric  copper  vhlch  does  go  Into  solution  forms  a  complex  Ion,  the  reaction  of 
vhlch  with  metallic  copper  Is  considerably  weakened.  If  the  reaction  Is  carried 
out  In  an  atmosphere  of  CO2  and  oxygen-free  solutions  are  used  the  cuprous  oxide 
Is  not  oxidized  to  the  bivalent  state  and  the  metallic  copper  does  not  dissolve. 

The  cupric  copper  vhlch  goes  Into  solution  does  not  interfere  with  the  determination 

343.-  3V3 


'TABUi  1 

Solubility  of  Co.pj'er  Ccmpounls  in  15^  Annonlum  Chloride  Solution.  An  aliquot 
Is  treated  with  jiriflonl'^-n  chloride  for  5  loluutea  while  heating  to  ICO*  in  a  streaa 
of  CC^.  The  aricur.t  of  coffor  which  enters  solution  is  determined  lodometrically. 


Amount  of  the  copper  compound 


which  goes  into  solution 


sent  I?o 


0.0000 

0.0000 

0.0002 

0.0002 

0.0999 

0.0999 


of  the  cuprous  oxide,  particularly  in  the  permanganate  method.  .Dilute  sulfuric 
acid  readily  dissolves  cupric  oxide,  jartlally  dissolves  cuproud  oxide,  but  ... 
does  not  dissolve  metallic  copper  to  any  extent. 


Preliminary  Investigations 


Initially  experiments  were  carried  out  on  metallic  copper  with  each  of  the 
oxides  In  tuni.  Aftei*wards  metallic  copper  was  determined  together  with  one  of  . 
the  oxides  In  the  presence  of  the  other  oxide  (only  one  of  the  components  was  . 
determined  in  the  mixture,  assuming  the  presence  of  the  other  but  not  quantitative 
ely  evaluating  It).  Finally  all  the  componenta  were  determined  In  the  mixture  of 
cupric  and  cuprous  oxides  and  metallic  copper. 

Cuprous  oxide  was  determined  as  follows.  A  sample  was  treated  with  1  H  amm¬ 
onium  chloride.  In  order  to  accelerate  the  rate  of  solution  the  solution  was  heat¬ 
ed  almost  up  to  the  boll.  The  solution  obtained  of  the  complex  compound  of  uni¬ 
valent  copper  was  diluted  with  wa^r,  acidified  with  sulfuric  acid  and  titrated 
with  0.1  N  potassium  permanganate M  .Potassium  iodide  was  thenadded  to  the  solution 
and  the  Iodine  liberated  titrated  with  0.1  H  sodium  thiosulfate^*  ^  using  starch  as 
an  Indicator.  In  this  way  the  cuprous  oxide  Is  first  determined  by  j^rmanganate 
and  then  by  a  lodometrlc  method. 

From  this  It  appears  that  l)  cuprous  oxide  dissolves  only  very  slowly  in  1  H 
ammonlxra  chloride^  and  2)  the  permanganate  method  gives  much  lower  results  than 
the  lodometrlc  one,  which  gives  the  correct  -results.  On  the  basis  of  systematic, 
analysis  it  was  established  that  in  order  to  Increase  the  rate  of  solution  It  Is  . 
better  to  use  an  ammonium  chloride  solution  with  a  concentration  of  not  less  than 
15i. 

In  order  to  prevent  oxidation  of  the  univalent  copper  by  aerial  oxygen  which 
can  affect  the  results  considerably,  the  cuprous  oxide  should  be  dissolved,  and 
all  further  operations  conducted  In  an  atmosphere  of  CO2,  using  solutions  from 
which  all  the  air  has  been  expelled  by  prolonged  bubbling  of  CO2  through  the  solur 
tlons. 

Cuprous  oxide  is  thus  determined  In  the  presence  of  metallic  copper  and  cup¬ 
ric  oxide.  The  solution  of  cuprous  oxide  In  ammonium  chloride  Is  filtered  from 
the  cupric  oxide  and  metallic  copper  and  the  copper  In  solution  determined  by  the 
permanganate  and  lodometrlc  methods.  Besults  are  given  In  Table  2.'  .*' ;~ 


/Initially  the  titration  with  permanganate  was  carried  out  after *addltl6n-of  a  ‘  ’ 
solution  of  ferric' chloride  '{3)>  but  this  practice  was  discontinued  since  addition 
of  FeCls  proved  to  be  unecessary.  ^  ; 

^  Excess  permanganate  is  removed  by  addition  of  one  pr  two  drops  of  sodiuja  oxala.te 


Weight  01 

'  sanrie. 

^  ”  S_. 

Amount  of 

Metnl  i  Ic 

Cuprous 

Cupric 

KH-iCl.  in  ml 

O.ICXX) 

15 

0.1000 

- 

- 

15 

- 

- 

O.IOOC 

15 

- 

- 

O.ICOC 

'  15 

'  - 

0.1000 

- 

15 

- 

O.iOCO 

- 

.  15 

Cupric  oxide  Is  determined  lodoraetrlcally  after  dissolving  the  cupric  oxide 
In  sulfuric  odd,  by  titration  with  0.1  N  sodium  thiosulfate.  In  those  cases 
where  the  cupric  oxide  la  mixed  with  metallic  copper  and  cuprous  oxide,  the  lat¬ 
ter  Is  preliminarily  removed  by  ammonium  chloride  solution.  The  residue,  consist¬ 
ing  of  cupric  oxide  and  metallic  copper.  Is  then  worked  up  with  dilute  sulfuric 
acid.  The  solution  obtained  Is  diluted  with  water,  filtered  from  metallic  copper, 
and  the  copper  In  solution  determined  lodoraetrlcally  or  by  the  method  of  Internal 
electrolysis.  Results  are  given  In  Table 

TABLE  2 

Determination  of  copper  as  cuprous,  oxide  by  the  permanganate  and 

lodomclrlc  methods 

The  sample  Is  dissolved  In  15^  ammonium  chloride.  Sulfuric  acid  Is  added  to  the 
solution  thus  obtained,  and  the  copper  Is  determined  by  the  permanganate  method 

and  then  by  the  lodometrlc  method 


0.1254  H  0.0963  N  Found  I  Actual 


Difference 

Absolute, 
in  g 

Relative, 

In 

>8203 
!d,  mL^‘ 

11121^^111111 

Actual 

■KBMBnii 

UDservauion 

13.02 

0.0797 

0.0799 

-0.0002 

0.24 

Cuprous  oxide  re- 

13.08 

0.0798 

0.0799 

-0.0001 

0.15 

moved  with  155fc  am- 

13.00 

0.0796 

0.0799 

-0.0003 

0.40 

monium  chloride  and 

13.05 

0.0799 

0.0799 

-0.0000 

0.00 

metallic  copper  fll- 

13.08 

0.0800 

0.0799 

+0.0001 

0.11 

tered  off  after  dla- 

0.1000 
0.1000 
0.1000^ 

0.1000*^) 

0.1000^ 

The  cupric  oxide  samples  contain  0.1  g  each  of  cuprous 
oxide  and  metallic  copper  as  well  as  cupric  .oxide. 


solving  cupric  oxide 
In  R2S04 . 


Matalllc  copper  was  determined  lodometrlcally  after  dissolving  It  In  acid. 
The  sample  of  pure  copper  was  dissolved  In  nitric  acid  (1:1)  or  In  concentrated 
sulfuric  acid  with  heating.  When  metallic  copper  la  mixed  with  Gujuroua  and  cupric 
oxides,  the  cuprous  oxide  la  first  removed  by  dissolving  It  out  with  ammonium  chlor¬ 
ide,  then  the  cupric  oxide  Is  removed  with  dilute  sulfuric  acid  and  the  metallic 
copper  left  determined  by  the  method  described  above* 


3V3 


since  Iv  Is  necessary  to  filter  l.^lo*ond  the  presence  of  the  filter  Interferes 
vlth  the  d-tenxiUatlon  of  the  ecd  ;.oltit  of  ittt*  titration  during  lodometrlc  titra¬ 
tion,  the  last  filter  rflth  Its  pniclpltate  la  dried  and  Ignited  in  a  porcelain  cruc 
Ible.  Results  are  given  in  Table  U, 

When  it  Is  necessary  to  determine  all  three  components  In  the  mixture  the 
procedure  la  os  follows:  The  cuprous  o*lde  la  removed  hy  dissolving  It  out. with 
nmonlua  chloride,  the  residue  is  e/itracted  with  dilute  sulfuric  acid  to  remove  the 
cupric  oxide,  while  the  metallic  copper  which  remains  Is  dissolved  In  concentrated 
nitric  or  sulfuric  acids.  Tlie  copper  Is  then  determined  lodometrlcally  in  all 
three  solutions,  la  addition  the  cuprous  oxide  Is  determined  by  the  permanganate 
method. 

TABLE  k 


Determination  of  Copper  In  KetalXlc,  Copper  Electrolytlcally  and 

Icdometrlcallj.  •  '  ~ 

The  sample  of  electrolytic  copper  Is  dissolved  In  nitric  acid;  the  solution 
Is  evaporated  to  dryness;  lbs  residue  Is  dissolved  in  sulfuric  acid  and  the  sol¬ 
ution  form-'d  diluted  with  wa»€r.  The  copper  Is  determined  electronically  find  . 
lodometrlcally. 


Amoort  of 
sample  of 
metall  Ic 
coi  je^  In 
E 


0.1000 

O.lOCX) 

O.iCOG^J 

O.ICCO^) 


Vol.  of 
0.0963  H 

used,  Ir* 
ml 


Aicount  of  copper 
In^-  -  g _ 

Difference 

Foutd 

1, 

Actual 

Absol. 

Relative 

(^) 

Observation 


C.lCOl 

O.IOOC 


Kgi 

P55 


+0.0001 

O.OOGO 


isTfi*] 


f'i'lsl 


•where.  la  the  omount  of  copper  os  cuprous  oxide;  K  Is  the  normality  of  the 

solution;  V  Is  the  volume  of  the  tltrant;  and  0.06355  Is  the  mllllequlvalent 

of  copper. 

The  filter  and  residue  of  metallic  copper  and  cupric  oxide  ore  transferred 
to  a  59-100  ol  conical  flask'and'  vorked  up  with  IO-15  ml  of  dilute’ sulfuric  acid 
(l:3)«  The  solution  of  cupric  sulfate  formed  Is  filtered  and  the  filter  washed 
3-4  times  with  water,  the  filtrate  then  helng  diluted  to  50  ml  and  the  copper  de¬ 
termined  lodometrlcally.  The  amount  of  cupric  oxide  con  he  calculated  from 

Formula  (1).  .  ........... 

TABIE  5  •  .  . 

Determination  of  copper  In  a  mixture  of  cuprous  oxide,  cupric, 
oxide,  and  metallic  copper 

The  sample,  which  consists  of  cuprous  oxide,,  cupric  oxide,  and  metallic  copper. 
Is  treated  successively  with  15^  ammonium  chloride  ijolutlon  with  heating  in  a 
stream  of  CO2,  dilute  sulfuric  odd  (1:3)^  and  nitric  acid  (1:1).  The  solutions 
obtained  are  analyzed  separately  for  their  copper  contents. 


Expt, 

No. 

Vol.  of 

0.1254  N 

KMn04 
used,  ml 

Vol.  of 

0.0963  N 

Ha2S203 
used,  ml 

Amount 

in 

of  copper, 
g 

Difference 

.’Metallic 

Cupric 

Cuprous 

Found 

Actual 

Absolute 

(g) 

Relative 

1 

0.1000 

— 

— 

16.21 

0.0992 

0.1000 

-0.0008 

0.80 

— 

0.1000 

— 

— 

13.05 

0.0799 

0.0799 

0.0000 

0.00 

— 

0.1000 

10.80 

— 

0.0862 

0.0888 

-rO.002^ 

2.96 . 

— 

— 

l4.60 

0.0900 

0.0888 

♦0.0012 

.  35 

2 

0.1000 

— 

— 

— 

16.20 

0.0992 

0.1000 

-0.0008 

0.80 

— 

0.1000 

.  — 

— 

12.75 

0.0788 

0.0799 

-0.0011 

1.37 

— 

— 

0.1000 

10.90 

— 

0.0869 

0.0888 

-0.0019 

2.16 

.  14.50 

0.0888 

0,0888 

0.0000 

0.00-- 

3 

0.1000 

— 

— 

— 

— 

— 

— 

— 

— 

0.1000 

— 

—  • 

12.80 

0.0784 

0.0799 

-0.0015 

1.93- 

—  • 

0.1000 

11.00 

— 

0.0877 

0.0888 

-0.0011 

1.15 

— 

— 

14.05 

0.0883 

O.OS88 

0.0000 

0.00 

h  ' 

0.1000 

— 

— 

■—  . 

15.75 

0.0904 

0.1000 

-0.0036 

3.54 

— 

.  0.1000 

9.8 

— 

0.0781 

0.0888 

-0.0107 

12.10 

• 

14.50 

0.0888 

0.0888 

0.0000 

0.00  •- 

The  residue  of  metallic  copper  and  the  filter  itself  are  removed  to  a  porcelain 
crucible  In  which  they  are  dried.  Ignited,  and  calcined.  The  calcined  residue  la 
finally  dissolved  In  sulfuric  acid.  The  copper  Is  determined  lodometrlcally. 

The  results  given  In  Tsble  5  chsv  that  our  method  gives  sstlsfectory  results. 

The  difference  between  Individual  determinations  lies  within  the  limits  of  the 
permissible  error. 

Determination  of  Copper  in  Copper  Powders 

The  method  described  above  was  used  for  the  analysis  of  copper  powders,  the  ‘ 
results  for  which  are  given  In  Table  6.  In  order  to  compare  the  results  obtained 
by  the  method  described  and  those  obtained  by  other  methods,  a  series  of  deter¬ 
minations  of  the  copper  oxides  and  metallic  copper  was  carried  out  using  Lavru- 
khlna's  method  [2].  Results  by  the  different  methods  are  compared  in  Table  7* 
Table  7  shows  that  results  by  Lavrukhlna’s  method  are  in  good  agreetaent  vlth 
those  obtained  by  our  method. 


SUMMARY 

1.  A  rapid  method  has  been  vorked  out.  for  the  determination  of  cupric  oxide, 
cuprous  oxide,  and  metallic  copper  In  mechanical  mixtures  of  all  three. 

2.  Cuprous  oxide  can  be  determined  vlth  an  accuracy  up  to  by  the  iodo- 
metrlc  method  and  up  to  2-3^  by  the  permanganate  method.  The  cupric  oxide  and 
metallic  copper  can  be  determined  with  an  accuracy  of  up  to  li  (relative). 


TABLE  6 


C^teralnatlon  of  cuprouB  oxide,  cupric  oxide  and  metallic  copper  1ft  copper  povders. 
The  deteralnationa  vero  carried  out  hy  the  method  described 


No. 

expt 


1 

2 

3 

k 

5 

6 


Amount  of 
copper 
powder,  in 
g 

Copper  found.  In  g 

Metallic 

Cuprous 

Cupric 

0.5000 

0.3220 

0.0010 

O.178O 

0.5000 

0.3200 

0.0010 

0.1720 

0.5000 

0.3550 

0.0040 

0.1630 

0.5000 

0.3300 

0.0040 

0.1600 

0.5000 

0.3500 

0.0020 

0.1420 

0.5000 

0.3450 

0.0020 

0. 1420 

0.5000 

0.3900 

0.0010 

0.1000 

0.5000  . 

0.3900 

0.0010 

0.1000 

0.2000 

0.1700 

0.0020 

0.0290 

C.2CC0 

0.1700 

0.0010 

0.0300 

0.5000 

0.4840 

— 

0.0050 

0.5000 

* 

— 

Observation 


The  cupric  and  cuprous  oxides 
are  calculated  as  cupric 
and  cuprous  respectively. 


■  TABIE  7  ' 

Conparlsoft  of  results  of  copper  powders  obtained  by  our  method  and  Lavrukhlna*  s 

method. 


No.  of 
expt. 

Designation 
of  sample 

Wt.  of 
sample 
In  g 

Copper  found,  in  g 
(Lavrukhlna*  s  method^- 

Copper  found.  In  g 
(Our  method) 

Metallic 

Cuprous 

Cupric 

Metallic 

Cuprous 

Cupric 

1 

Copper  powder 
No.  1 

0.5000 

0.3220 

0.0010 

0.1780 

0.3200 

0.0010 

0.1780 

2 

Copper  powder 
No.  2 

0.5000 

0.3330 

0.0040 

0.1630 

0.3320 

0.0030 

0.1630 

3 

Copper  powder 
No.  3 

0.5000 

0.3420 

0.0020 

0.1400 

0.3500 

0.0020 

0.1420 

4 

Copper  powder 
No.  4 

0.5000 

0.'3820  • 

0.0030 

0.1000 

0.3900 

Traces 

0.0900 

5  . 

Copper  powder 
Ho.  5 

C.20C0 

O.16CO 

0.0010 

0.0300 

0.1700 

0.001^ 

0.0290 

6 

Copper  powder 
No.  6 

0.3000 

0.2700 

Traces 

0.0380 

0.2600 

Traces 

0.0380 

•J 

I* 

I  ^ 

;  » 


3,  •  Determination  of  cuprous  oxide,  cupric  oxide  and  metallic  copper  can  all 
be  done  on  one  sample, 

U,  Ome  hour  Is  sufficient  for  a  complete  analysis. 

5«  The  main  advantage  of  the  method  is  Its  simplicity.  *  ‘  ^  ' 

_  _  —  •  •  .  .  ■ .  «  r 
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■  .  Potassium  Iodide  ' 

•  .  •  *  •  ’  t  .  ■  ’  ♦ 

One  of  the  characteristic  reactions  for  hlsmuth  ls  the  formation  of  crystal-, 
line  precipitates  of  complex  salts  of  a  red,  yellow  or  orange  color  on  the  add¬ 
ition  of  potassium  Iodide  and  organic  hascs.  Vc  studied  this  re  act  Ion.  using  mor¬ 
pholine  as  the  hase  and  found  that  irorphw'.lne  gives  an  orange -red  precipitate  with 
bismuth  salts  In  the  presence  of  potassium  Iodide  .in  a  nitric  acid- 'solution;.  • 

Under  the  microscope  the  crystals  appear  as  rhombs,  tetragons  and  hexagons,'  -The 
precipitate  is  insoluble  iu  alcohol,  soluble  in  hi'drochlo^’ic  «cld  ^r>d  ehcceda  potas¬ 
sium  .  Iodide,  but  decomposes  on  treating  with  water  or  alkalis,  '•  •  • 

....  ^  »  !* 

It  was  observed  that  on  addition  of  10^  potassium  iodide  solution  drppvlse  .  .. 

to  a  nitric  acidified  solution  of  a  bismuth  salt  containing  morpholine'  in  51. 
tube,  the  sensitivity  of  the  reaction  corresponds  to  a  limiting  concentration  of 
bismuth  of  1:4400,  *  •  ' 

...  .-j  >1 

The  sensitivity  of  the  reaction  can  be  considerably  Increased  if  Isjcar-  , 
rled  out  as  follows^  2-3  ml  of  bismuth  nitrate  Is  placed  In  a  test  tube  and  the 
morpholine  added.  A  white  precipitate  of  bismuth  hydroxide  Is  formed;  at  lew 
concentrations  the  precipitate  Is  practically' Imperceptible  nevei^beless  the  solu¬ 
tion  Is  filtered  through- a.  filter  i>aper,'  The  filter  paper,  is  then  imfolded  and  a 
drop  of  nitric  acid  placed  (1:10)  on  Its  center.  This  spot  la  toutbed  with  a  capil¬ 
lary  tube  containing  a  10^- solution  of  potassium  Iodide.  .An  orange,  red  preclpl-  • 
tate  la  formed.  This  method  gives  a  clear  cut  result  at  a  concentration  of  - 
1:50,000  of  bismuth.  At  concentrations  of  1:100,000  an  indistinct.  z^eddl8H  color- 
atlon  la  produced. 


.  :  -  ■  -  ...  .  •  •  •  :  ».•*  J- 

.  THE  USE  OF  MORPHOLINE  Uf  ANALTriCAL  Cl^STRX  •  .•  .. 

M.V. Rodina  •  ..  .  v.vt: 

•  •  .  •  ’  •  *  / 

.  'Ural ‘Pedagogical  Institute". . . . 


Morpholine  C4H9N0,  or  tetrahydro-l|H-oxazlne 

yCHa — 002^ 

>)# 


Is  a  colorless,  oily,  volatile  liquid  which  has  a  characteristic  amine  odor.'.  It 
dissolves  readily  In  water,  alcohol  and  ether;  its  melting  point  Is  123,9*;  its 
hardening  point  -4.9;  Its  specific  gravity  0.99;  It  bums  with  a  bluish  flame. 

In  Its  chemical  properties  morpholine  Is  a  weaker,  base  than  ammonia.  It  forms 
easily  crystalllzable  salts  with  acids  and  precipitates  many  heavy  metal  salts 
from  their  aqueous  solutions  mainly  as  the  hydrated  oxides  or  basic  salts.-  .  . 

There  Is  practically  no  Information  of  the  use  of  morpholine  In  acalytfcal 
chemistry  In  the  literature.  ... 

We  have  shown  the  jxjsslblllty  of  using  morpholine  In  qualitative  analysis  . . 
as  a  reagent  for  the  identification  of  bismuth  and  cadmlm  lons^ 

’  Detection  of  Bismuth  with  ITomohollne  In  the*  Presence’  of . 


This  reaction  Is  very  suitable  for  the  detection  of  traces  of  bismuth  In  a  solu¬ 
tion  containing  large  omourita  of  copper  and  cadmium  while  carrying  Out  the  normal 
systematic  qualitative  analysis  (In  the  sub-group  copper,  bismuth,  and  cadmium). 

Method  of  Identification.  Morpholine  Is  added  to  the  test  solution  until  an  alk¬ 
aline  reaction  Is  obtained;  at  this  point  copper,  cadmium,  and  bismuth  ore  precip¬ 
itated  08  hydroxides.  To  the  solution  ammonium  nitrate  la  added.  The  precipitate 
of  the  hydroxides  of  copper  and  cadmlim:  dissolves  with  the  formation  of  ammonlates, 
while  the  bismuth  hydroxide  Is  filtered  (even  though  at  low  concentrations  of  bis¬ 
muth  It  seems  to  be  clear),  and  the  filter  paper  washed.  The  filter  i>aper  is  then 
unfolded,  moistened  with  morpholine,  and  a  drop  of  nitric  add  placed  on  the  center; 
this  point  Is  touclied  with  a  capillary  containing  10^  potassium  Iodide.  An  orange- 
red  color  indicates  the  presence  of  bismuth. 

A  Mlcrocryatalloscoplc  Reaction  for  Cadmium  Based  on  the  Formation 
of  Cadmium  Morpholine thiocyanate 

The  capacity  of  cadmium  to  give  slightly  soluble,  complex  salts  with  a  charac¬ 
teristic  crystalline  form  with  organic  bases  and  ammonium  thiocyanate  has  found 
application  in  the  mlcrocrystalloscoplc  detection  of  cadmium.  Ve  studied  this 
reaction  using  morpholine  os  the  base. 

It  was  observed  that  a  few  minutes  after  the  addition  of  a  solution  of  morpholine 
and  potassium  or  ammonium  thiocyanate  to  a  solution  of  a  cadmium  salt,  a  coarse, 
colorless  crystalline  precipitate  of  cadmlua  morphollnethlocyanate  Is  formed.  The 
rote  of  formation  depends  on  the  concentration  and  can  be  Increased  by  rubbing  the 
sides  of  the  test  tube  with  a  glass  rod.  This  precipitate  Is  soluble  in  excess  am¬ 
monium  thiocyanate  (but  not  In  excess  potassium  thiocyanate),  and  readily  dis¬ 
solves  In  acetic  and  mineral  acids;  on  shaking  up  with  a  large  volume  of  water  It 
hydrolynes  with  the  formation  of  white  floes  of  cadmium  hydroxide.  The  precipit¬ 
ate  only  settles  out  on  long  standing  from  very  dilute  solutions. 

For  mlcrocrystalloscoplc  detection  the  procedure  adopted  Is  as  follows,  A  drop 
of  test  solution  Is  placed  on  a  glass  slide  and  a  drop  of  20-30^  solutlpn  of  morph¬ 
oline  added,  together  with  a  crystal  of  potassium  thiocyanate.  On  standing,  or  on 
rubbing  with  a  glass  rod,  a  crystalline  precipitate  is  formed,  which  Is  thfen  exam- 
.ined  under  the'  microscope.  Pure  morpholine  or  concentrated  solutions  of  It  should 
not  be  used  for  tl»  reaction,  since  morpholine  fo^s  a  salt  with  potasslumthlo- 
cyanate,  which  on  rubbing  with  a  glass  rod  separates  out  as  colorless  crystals  In 
the  form  of  trapeziums,  reactangles  and  hexagons,  needles,  etc,  20-30^  morpho¬ 
line  docs  not  fora  crystals  with  potassium  thlocyante.  .  . 

It  was  found  that  on  addition  of  a  crystal  of  i>otasslum  thiocyanate  to  a  mix-  , 
ture  of  a  drop  of  a  solution  of  cadmium  salt  and  a  drop  of  20-305^  morpholine, 
colorless  crystals  of  cadmium  morphollnethlocyanate  are  formed  as  parallellograms, 
rhombs,  and  crystals  of  other  characteristic  shapes  (Figs.  1,  2,  and  3."*  see  Flbte 
page  359).  In  moderately  dilute  solutions  of  cadmium  salts,  the  precipitates 
which  are  formed  by  friction  with  a  glass  rod  have  a  more  characteristic  form, 
although  the  crystals  are  smaller;  In  very  dilute  solutions,  single  characteristic 
crystals  are  formed  after  several  minutes.  The  limit  of  Identification  Is  0.1  )Vg 
of  cadmium.  The  limiting  concentration  Is  1:10,000,  The  sensitivity  of  this 
reaction  is  higher  than  that  of  similar  reactions  with  other"  organic  bases. 

In  addition  .to  cadmium,  zinc,  lead,  mercury  and  copper  and  moderately  concen¬ 
trated  solutions  of  nickel  give  crystalline  precipitates  under  the  conditions  ’ 
Indicated  above.  If  both  cadmium  and  copper  are  present,  greenish-yellow  crystals 
are  formed,  probably  of  the  mixed  salt. 

The  author  wishes  to  express  her  thanks  to  I.P.Pyazanova  for  permission  to  carry 
out  this  work  In  the  Saratov  University  laboratory,  and  to  V.A.Voshchln  for  pre¬ 
paring  the  clcrophotographs  of  cadmium  morphollnethlocyanate. 

Received  March  12,1991.  ; 
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Fig.  1.  Crystals  of  cadalum  morpholine- 
thiocyanate  from  Cd2+  solutions  of 
concentration  1:^000  (magnification  120) 


Fig.  2.  Crystals  of  cadmium  m 
morphollnethlocyonate  from 
Cd2+  solutions  of  concentra¬ 
tion  1:1000  (magnification  120) 


Fig.  3.  Crystals  of  cadmium 
morphollnethlocyanate  from 
Cd^"*"  solutions  of  concen¬ 
tration  1:200  (magnifica¬ 
tion  120). 


DETERMINATION  OF  SMALL  AMO’JNTS  OF  NITROCEN  IN  GASES 
A.E.Romanushkina,  S.L.Klpenaan  und  M.  I.Temkin 
Physico-Chemical  Institute,  Moscov 

Hydrogen  and  other  gases  often  cont-aln  small  amoimts  of  nitrogen.  By  means 
of  the  method  descrlhcd  below  It  Is  possible  to  determine  nitrogen  directly  In 
gaseous  mixtures.  In  Its  simplest  form  the  method  can  be  applied  to  the  deter¬ 
mination  of  traces  of  nitrogen  In  hydrogen. 

The  hydrogen  which  contains  nitrogen  is  circulated  several  times  throuj^  a 
closed  system  containing  a  catalyst ‘for  converting  the  nitrogen  Into  ammonia  and 
a  trap  cooled  with  liquid  air  until  all  the  nitrogen  has  teen  removed  as  ammonia. 
The  amount  of  ammonia  formed  Is  then  detemlned  by  the  usual  methods. 


The  apparatus  Is  shown  schematically  in  the  diagram.  The  total  volxime  of  the  , 
apparatus  as  used  In  our  experiments  could  be  varied  from  1-10  liters  (the  volume 
is  changed  by  including  or  excluding  sirpples^ntaxy  flasks  10  and  11  by  means  of  the 
taps  13,  iV  and  13)*  The  gas  is  circulated  by  means  of  a  glass  electromagnetic 
pump  2  [1],  Flask  1  made  of  pyrex  contains  30  g  of  the  catalyst  for  ammonia  syn¬ 
thesis  in  the  fora  of  grains  2-3  ma  in  diameter.  The  catalyst  is  reduced  at  the 
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beglnlng  of  an  experlmen*.,  !rhe  vesael  Is  j.rovldt^d  wl'h  a  c^ll  ♦*or  rrellalnary 
heating  of  the  gas.  The  gas  la  lieatcd  by  inearB  of  aa  fci^ec’rlc  ^arpace  .5,  The 
tcnft*rature  of  the  catalyst  Is  measured  with  a  thenrccoui  le,  E».terlmenta  are 
conducted  at  U75®,  Clrculatlca  of  the  gas  mixture  la  ccotlnucd  until  t.he  ammoDla 
vhlch  la  frozen  la  the  tube  4  filled  with  broken  glass  ceasvs  to  be  formed. 

For  a  content  of  of  nltrogec  In  the  test  gas  a  few  hours  Is  necessary  for  compl¬ 
ete  conversion  Into  ansronla  at  a  circulating  rate  of  liters  per  hour.  In 

order  to  check  that  all  the  nitrogen  has  been  converted  laro  amxorla^  U  tube  5 
which  j*re cede 8  tube  4  Is  perlodlcaDy  cooled  with  liquid  air,  The  absence  of  any 
deposit  of  solid  amsonla  Ln  this  ’ube  Irilca^es  the  end  of  the  reaction.  The 
trap  4  Is  then  allowed  to  warm  up  ^o  room  temxerature  and  the  ammonia  blown  by  a 
stream  of  hydrogen  through  tap  8  Into  flask  6  containing  standard  sulfuric  acid. 
Excess  acid  fs  th#‘n  bnckTltrated  with  NaOH  using  a  microburet.  Before  Intake  of 
a  new  sample  the  apparatus  Is  evacuatedy.  By  mearis  of  *^hl3  rethed  nitrogen  can  be 
determined  In  hydrogen  at  a  concentration  of  1*10“^^  vol.  with  a  rosslbie  error 
of  ±  5*10*5,  -  .  •  •  • . 

The  method  can  also  be  used  for  the  determination  of  small  amounts  of  nitro¬ 
gen  In  various  gases  such  as  argon  or  other  Inert  gases^'.  A  small  amount  of 
nitrogen-free  hydrogen  must  be  added  to  ether  gases  containing  nitrogen  before 
carrying  out  the  procedure  described  above. 

The  method  can  also  be  used  for  freeing  hydrogen  from  contamination  vlth 
nitrogen.  Hi'drogen  cylinders  usually  contain  up  to  1^  nitrogen.  It  could  also 
be  used  for  removing  nitrogen  from  Inert  gases.  E.g,  If  It  Is  required  to  det¬ 
ermine  nitrogen  In  argon  using  hydrogen  from  a  cylinder,  the  hydrogen  la  elloved 
Into  the  system  up  to  a  pressure  of  l/2  atmosphere.  The  nitrogen  In  the  hydrogen 
Is  converted  Into  ammonia  vhlch  is  frozen  In  trap  4.  After  disconnecting  tap 
^  from  the  system  by  means  of  taps  7  an*!  8  ammonia  Is  removed  by  pumping  out 
in  a  frozen  state  under  high  vaccuum.  The  gas  to  be  analyzed  Is  then  led  Into 
the  system,  the  amount  introduced  being  found  by  the  Increase  In  pressure  meas¬ 
ured  by  manometer  9  (the  volume  of  the  system  should  be  known).  The  determin-  • 
at  Ion  Is  then  carried  out  as  described  above.  The  hydrogen  used  for  combining 
with  the  nitrogen  can  be  removed  by  heated  cupric  oxide. 
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^  Air  mupt  be  excluded  from  the  apparatus  since  this  will  lead  to  deterioration, 
of  the  catal^t 

I.P.Krlchevsky  pointed  this  out.  ..  '  .  '  T  ' 


AN  APPARATUS  FOR  THE  lETm^INATION  OF  NHRCXIEN  Hf  GASESOUS  MIXTI^^ 
I.G.Leeolchln,  B.A.Kopylev  and  A. JTa. Averbakh'^ 

Leningrad  Technological  Institute, 

Up  to  the  present  it  has  been  current  practice  In  gas  analysis  to  assume 
that  the  gaseous  residue  vhlch  cannot  be  determined  by  the  use  of  the  normal  ab» 
sorbents  or  by  frattlonal  combustion.  Is  nitrogen.  This  residue  Is  determined  at 
the  end  of  the  determination  by  difference.  Such  a  method  Inevitably  leads  to  a 
lover  accuracy  since  all  the  errors  In  the  Individual  determimtlons  add  up  in 
the  residue.  In  vlev  of  the  fact  that  a  direct  detemlnatioa  of  nitrogen  is  reces¬ 
sary  for  many  investigations,  various  methods  have  been  proposed  during  the  last 
50  years  vhlch  to  some  extent  ansvored  the  purpose  for  a  particular  problem, 

Lldov  [1]  studied  the  absorption  of  nitrogen  by  metallic  magnesltra  and  mix¬ 
tures  of  magnesium  and  calcium  as  far  hack  as  1902  and  on  this  basis  proposed  a 
method  for  the  determination  of  nitrogen  in  its  mixtures  vlth  other  gases  and  In 
chemical  compounds.  His  apparatus  aud  technique  have  been  simplified  by  Blumstein 
[2],  Henrlch  and  Elchorn  [3]  described  an  apparatus  in  vhlch  the  nitrogen  is  Ignit¬ 
ed  by  means  of  an  electric  discharge  in  the  presence  of  hydrogen.  Fisher  and 
Ring  [4]  used  calcium  carbide  for  binding  the  nitrogen. 

Dementeva  [5]  for  the  determination  of  nitrogen  in  gases  recommended  a 
special  apparatus  In  vhlch  all  the  gases  are  ignited  to  CO2  and  F2O;  CO2  at)- 
sorbed  and  the  gas  left  Is  assumed  to  be  nitrogen. 

All  the  apparatuses  described  above  however  are  of  complicated  construction  . 
and  consequently  they  are  expensive  and  are . dif flcxilt  to  control^ 

In  195O-I95I  VB  constructed  a  simpler  and  more  portable  apparatus  than  the 
rather  cumbersome  appartus  vhlch  have  been  proposed  previously  and  vhlch  are  rare¬ 
ly  \ised  In  practice. 

Description  of  Apparatus 

The  ajjparatus  consists  of  the  foUovlng  major  parts  (See  diagram).  A  measu¬ 
ring  buret  of  5-10  ml  capacity  fitted  vlth  a  three-vay  tap  1  and  a  levelling  tube 
vlth  a  tap  3  are  fixed  on  a  glass  frame  provided  vlth  tvo  leads  (Inlet  and  outlet 
for  vater  to  maintain  the  temperature  constant  during  an  analysis)  and  a  thermo¬ 
meter. 

A  pear-shaped  vessel  containing  mercxiry  Is  connected  through  a  rubber  tube 
vlth  a  lamp  In  the  form  of  a  cylinder.  The  additional  tube  vlth  tvo  taps  4  and 
5  serves  as  a  regulator  for  the  velocity  vlth  vhlch  the  gas  Is  removed  from  the 
buret  Into  U-tube.  A  control  vessel  vlth  a  three  vay  tap  2  vhlch  acta  as  a  re-  • 
cel\er  for  excess  gas  not  absorbed  on  passing  through  the  U-tuhe.  An  electric 
furnace  vorklng  at  800-900* ,  A  quartz  U-tuhe. 

Preparation  of  the  Apparatus  for  Analyals 

Clean  mercury  Is  poured  Into  the  levelling  pear  shaped  vessel,  tap  5  !■  open¬ 
ed  and  the  connectlx^;  rubber  tube  and  all  the  glass  cozmectlons  filled,  care 
ij  Student  V.P.Bogdasbev  participated  In  this  vork. . 
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being  token  to  exclude  any  bubbles  of  air.  In 
this  vay  all  the  ceasurlng  buret  Is  filled 
vlth  mercury.  During  this  operation  the  buret 
Is  open  to  the  atmosphere  via  tap  1,  Taps  2, 

3  and  4  are  closed.  When  all  the  measuring 
buret  Is  filled  vlth  mercury  (right  up  to  the 
zero  mark)  tap  5  lo  closed  again. 

The  U-tube  is  then  swept  out  with  any 
inert  gas  or  hydrogen  which  ore  free  from  any 
contaminations.  The  U-tube  is  a  bent  quartz 
tube  (height  8-10  cm  and  Internal  diameter  of 
4-5  mm)  filled  with  powdered  metallic  nagnes- 
iCa  (2-3  g).  The  U-tube  has  on  Internal 

diameter  of  5  cm  and  an  external  diameter  of 
7  ma.  The  bent  back  ends  of  the  U-tube  are 
mode  In  the  fom  of  capillaries  with  extern¬ 
al  diameter  7  na  and  Internal  diameters  of 
1  mm  and  2  mm  on  different  sides.  The  mag-  • 
neslum  Is  sieved  beforehand  through  a  40 
mesh  sieve  (40  openlngs/ca^)  washed  thoroughly 
with  .  carbon  tetrachloride  and  dried. 

In  order  to  fill  the  U-tube  with  magne¬ 
sium  In  the  least  possible  time  In  one  op-  ' 
cratlon  ve  suggest  the  following  procedure: 
the  end  of  the  U-tube  connected  to  the  smaller 
capillary  _  Is  covered  with  a  wad  of  cotton 
wool  and  pressed  against  a  vaccuum  lead, 
while  the  other  end  Is  placed  In  the  box  containing  the  metallic  magneslira.  By 
moving  the  end  of  the  U-tube  about  continuously  in  the  box  containing  the  powder 
the*  U-tube  can  be  filled  In  about  1-2  minutes. 

Before  a  run  It  Is  essential  to  calcine  the  U-tube  with  hydrogen  In  a  crucible 
or  muffle  furnace  for  one  hour  at  800*  In  order  to  remove  any  gases  adsorbed  by 
magnesium  (mainly  hydrogen).  If  argon  Is  being  used  there  Is  no  need  to  calcine. 

Although  magnesium  on  Its  own  absorbs  nitrogen  much  slower  than  when  It  Is 
nixed  vlth  calclam  oxide  and  metallic  sodium  and  considerably  slower  than  metallic 
calcium  on  its  own,  nevertheless  possible  errors  arising  from  the  presence  of  hy¬ 
drogen  or  methane  etc.  In  the  test  gas  are  excluded. 

I<fetalllc  calcium  Is  known  to  absorb  hydrogen  actively  forming  calcium  hydride, 
while  if  calcium  oxide  Is  used  there  Is  a  possibility  of  a  reaction  between  it  and 
any  hydrocarbons  at  the  expense  of  the  oxygen  of  the  GoO. 

Argon  or  hydrogen  Is  passed  through  the  leadlng-ln  capillary,  .tap  1,  U-tube 
and  through  tap  2  open  to  the  atmosphere.  Tap  2  Is  then  closed  so  that  the  U-tiibe. 
Is  completely  sealed  off  (tap  1  Is  also  switched  to  exclude  the  atmosphere)  and 
the  control  vessel  opened .to  the  atmosphere. 


'  (Xu6rtt 
U-tube 


Control 

i^es5ei 
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After  the  apparatus  has  been  prei)ared  for  analysis  as  described  above,  the 
test  mixture  of  gases  (residue  after  absorption  of  CO2;  CnH2n;  O2  zind  CO  by  the 
usual  methods  of  gas  analysis)  Is  sucked  through  the  inlet  capillary  and  tap  1 
(open  to  the  atmosphere)  Into  the  measuring  buret.  In  order  to  do  this  the  level¬ 
ling  pear-shaped  vessel  Is  lowered  and  the  gas  intake  regulated  by  means  of  tap  5* 
When  the  Intake  of  gas  for  analysis  is  complete,  tap  5  Is  closed,  tap  3  Is  opened  • 
and  the  B^a^jadJusted  to  normal  pressure  (by  levelling  vlth  the  pear  shaped  vessel 
until  the  levels  In  the  measuring  buret  and  the  levelling  tube  .coincide)  and  read¬ 
ings  .made ’of  the  exact  volume  of  gas  taken  for  analysis,  the  temperature,  and  tbs 


bnrc-Tiotrlc  precoure.  The  electric  furriace  le  tr^n  switched  on  and  when  the  U-tube 
has  been  heated  to  the  requisite  temperature  (while  the  U-tube  la  being  heated  It 
la  coJinccted  vlo  tap  2  with  tlie  control  vesacl  for  egrcaa  of  the  expanding  hydro- 
gon  or  argon)  the  test  gas  la  allowed  to  puss  through  It, 

The  rcrnsurlng  buiet  la  connected  with  the  U-tube  via  tap  1,  and  on  opening 
top  2,  top  4  la  also  slowly  closed  so  that  thje  mercury,  with  the  requisite  vel¬ 
ocity,  gradually  flows  through  the  capillary  branch.  The  mercury  which  flows  out 
drives  the  gas  from  the  meacurlng  buret  Into  the  U-tube.  The  gas  which  passes 
through,  the  heated  metallic  magneslua  proceeds  to  the  control  vessel.  In  this 
cose  the  operation  of  circulating  the  gas  through  tha  U-tube  must  be  repeated,  the 
gas  being  led  back  from  tha  control  vescel  into  the  measuring  buret  (the  flow 
rate  of  the  gas  Is  2-3  al/mlnute)i 

In  order  to  carry  out  the  recirculation  tap  4  Is  closed  and  tap  5  1®  opened 
end  with  taps  1  and  2  also  opeped  tla  pear-cheped  vessel  with  the  mercury  lower¬ 
ed.  \7hcri  this  is  done  the  gas  from  the  control  vessel  quickly  passes  through  the 
U-tube  Into  the  measuring  buret  (because  of  the  vaccuum  created  by  thje  mercxiry 
flowing  rapidly  from  the  measuring  buret,  through  tap  5  ®nd  the  additional  tube 
Into  the  pear  shaped  bulb  which  has  been  lowered).  The  transfer  Is  continued 
until  the  mercury  from  the  control  vessel  Is  sealed  off  by  the  capillary  at  tap  2. 
The  gas  is  repeatedly  passed  through  the  U-tube  until  the  volume  of  ^he  residual 
mixture  remains  a  constant.  The  nit-'cg'‘a  content  ef  she  test  mixture  Is  then  cal¬ 
culated  from  the  difference  In  vol>rre  of  •;e8  bvK.re  and  alter  circulation  through 
the  system.  The  volume  Is  av?asured  alter  the  U-tuoe  has  ccoied.  wnen  this  Is 
done,  part-of*the  gas  Is  transferred  from  the  buret  Into  the  vessel  In  order  to 
avoid  rormatlon  of  a  vacuum.  All  the  apparatus  Is  mounted  In  a  small  box  (of  the 
came  type  as  th^  Ors  apparatus^  A' drip  pan  should  be  fitted  under  the  apparatus 
to  catch  any  mercury  which  night  spill. 

An  evaluation  of  the  accuracy  of  the  determination  of  nitrogen  by  means  of 
this  apparatus  cay  be  made  on  the  basis  of  the  following  considerations.  Analyti¬ 
cal  error  during  the  process  of  absorbing  nitrogen  can  arise  from  inaufflclent 
removal  of  exceos  hydrogen  during  saturation  of  the  magneolum  (calcining  at  800* 
for  1  hour  before  analysis)  or  from  the  presence  of  oxygen-containing  compounds 
In  the  hydrogen  used,  *•  At,  800*,  oxygen,  C02> etc*  react  with  hydrogen  and  satur'  . 
rated  hj'drocarbona  so  that  the  final  volume  of  the  mixture  la  changed.  This  xaust 
always  be  taken  Into  account. 

Usually  for  a  measuring  buret  of  5  cil  capacity  graduated  to  0,05  nl,  readings 
can  be  taken  with  an  accuracy  of  0.02-0.025  nil.  Consequently  for  such  an  accur¬ 
acy  the  absolute  error  of  the  apparatus  Is  equal  to  0.02-0.025  ml  and  the  relat¬ 
ive  error  in  this  case  (assuming  a  total  volume  of  5  nil)  will  be  0,536, 

Since  It  Is  more  expedient  to  determine  the  nitrogen  after  absorption  of  CO12, 
unsaturated  hydrogen,  O3  and  CO  l.e,  to  determine  it  from  the  remaining  mixture 
of  gases  consisting  usually  of  hydrogen,  saturated  hydrocarbons  and  nitrogen,  then 
the  value  of  the  relative  error  with  respect  to  the  total  residue  increases  some¬ 
what. 

But  If  It  Is  token  Into  account  that  the  hydrogen  and  satiuvited  hydrocarbons 
In  another  sample  of  the  test  mixture  are  determined  by  combustion  with  an  accur¬ 
acy  of  up  to  0.2-0.336/  then  on  comparing  the  result  of  both  analysis  (for  nitrog¬ 
en  on  the  one  hand  and  hydrogen  and  saturated  hydrocarbons  on  the  other)  the  max¬ 
imum  error  as  shown  experimentally  amounts  to  I36  l.e,  within  the  limits  of  the 
errors  of  normal  gas  analysis. 

SUMMARY 

Ve  have  designed  an  apparatus  which  is  based  on  a  chemical  method  for  the 
determination  of  nitrogen  indicated  by  A.F.Lldov,  The  analytical  technique  for 
.  the  analyala  of  mixtures  left  after  the  usual  absorptions  is  more  simple^  and  the 
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apparatus  ticalgred  In  such  a  way  that  It  Is  Incomparably  more  portable  than  app* 
aratus  sugt^-'sted  pi*evlou6ly  (which  have  accordlr^gly  not  been  widely  adopted) 
and  can  be  made  In  any  laboratory. 
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raOM  TIE  CIEMICAL  BCIENCES  SECTION  OP  TIE  ACAIEMX  07  SCIENCES  U.S.8.R. 

The  ConalBslon  on  the  History  of  Chemistry  from  the  Chemical  Sciences  Section 
of  the  Academy  of  Sciences  USSR  lias,  storted  preparations  for  convening  a  Third 
All-Union  Conference  on  the  History  of  Chemistry  vhlch  it  proposes  to  hold 
during  1553* 

.The  chief  purpose  of  the  future  conference  will  he  the  consideration  of  basic 
questions  connected  vlth  the  preparation  of  a  text  hook  on  the  History  of  Russian 
Chemistry  and  monographs  on  the  most  Important  problems  Ip  the  history  of  Russian 
chemistry. 

The  reports  to  the  conference  vlll  be  devoted  to  the  following  problems^ 

1.  General  and  methodological  problems  in  the  history  of  chemi8ti*y.  (Objects, 
methods,  problems,  significance  of  the  history  of  chemistry.  The  problem  of  the 
periodization  of  the  general  history  of  chemistry,  periodization  of  the  history 
of  the  development  of  individual  branches  and  divisions  of  chemistry,  perlodiza^ 
tlcn  of  the  history  of  Russian  chemistry.  Soxirces  of  the  study  of  the  history  of 
chemistry,  criticisms  of  tbe  voric  of  bourgeois  historians  of  science). 

2.  The  moat  Important  stages  and  paths  In  the  developtaent  of  chemistry. 
(History  of  the  development  of  various  nodal  problems  of.  Russian  chemistry  In  con« 
Junction  with  Its  contemporary  position  and  the  perspectives  of  tbe  developneat 

of  chemlstiy.  Mstory  of  the  most  lii^rtant  directions  In  the  development  of  chem* 
Is  try  In  the  Socialist  epoch). 

3.  New  facts  hitherto  unicnowa  and  not  published  in  the  literature  on  the  dis¬ 
coveries  of  Russian  scientists.  The  priority  of  Important  discoveries  of  Russian 
scientists. 

The  Commlssloa  invites  participation  in  the  work  of  the  conference.  . 

The  subjects  of  reports  or  communications  should  be  sent  not  later  than  Nov- 
ember  let,  1S52. 

The  Commission  at  the  same  time  wishes  to  state  that  apart  from  the  public¬ 
ation  of  the  proceedings  of  the  conference  It  intends  to  a  Symposium 

on  the  Proceedings  of  the  Commission  In  vhlch  various  reports  heard  at  the  meet¬ 
ing  will  be  published  In  addition  to  works  of  a  research  nature  on  tbe  history  of 
chemistry  carried  out  In  Academic  or  Non-academic  Institutions. 

Articles  and  communlcatlops  for  inclusion  In  the  next  issue  of  the  Synposlua 
on  the  History  of  Chemistry  must  be  seat  not  later  than  Nov,  1st,  1952. 

Any  enquiries  should  be  addressed  to:  Moscow,  Rolshaya  Kaluzhskaya  Boa  ^1, 
Comlsslya  Po  Istorll  Khlmll  Otdelenlya  Khlmlchesklkh  Kauk,  Acad.  Nauk,  USSR*.  • 


Comzalsslon  on  tbe  Hlstozy 
of  Chemistry. 


